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Background: Few studies have reported the effects of simultaneous injections of corticosteroid (CS) and
hyaluronic acid (HA) on adhesive capsulitis (AC) of the shoulder. This study investigated the synergistic
effects of simultaneous intra-articular injections of CS and compared them to those of CS or HA alone.
Method: Sixty patients with AC were enrolled in this randomized, placebo-controlled trial. The par-
ticipants were divided into 4 groups: saline, CS, HA, and CS with HA groups. The primary outcome
measure was changes in the Shoulder Pain and Disability Index (SPADI) scores at one month. The sec-
ondary outcome measures included changes in pain, range of motion, muscle strength, and additional
shoulder functional scores at 1 day, 1 week, and 1, 3, and 6 months after injection.
Results: After 1 month, changes of the SPADI scores were significantly higher in the CS with HA group
(�58.4%) than those in the saline (�7.7%) and HA (�14.4%) groups. The score changed more in the CS
with HA group than that in the CS group (�43.7%), but there was no significant difference. In the changes
in pain, the CS with HA group showed significantly better and faster effects than the saline and HA
groups. In the changes of range of motion, functional scores, the CS with HA group showed better results
than the saline and HA groups.
Conclusion: In the treatment of AC, the simultaneous injection of CS and HA was more effective in
improving SPADI scores at one month after injection than a single injection of CS or HA.

© 2021 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
Adhesive capsulitis (AC) of the shoulder is characterized by the
spontaneous onset of shoulder pain and the gradual loss of active and
passive shoulder motion and is known to occur in 2%-5% of the
general population.37 AC is a painful condition and causes disability
and sleep disorders.26 The socioeconomic burden of ACwas reported
tobe₤3954per patient inEnglandandV4521 in theNetherlands.25,39

AC is considered a self-limiting disease that resolves in one to three
years.However, 20%-50%of patients suffer long-termdeficits in range
of motion (ROM) within ten years.3,25,28,36

AC is reported to proceed as freezing, frozen, and thawing
stages, but the stages can overlap.26,27 The patients are classified
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as pain-predominant and stiffness-predominant. The stiffness-
predominant phase is treated with physical therapy, and the
pain-dominant phase is treated in various ways. The known
treatment methods are analgesia, physical therapy, corticosteroid
(CS) or hyaluronic acid injection (HA), manipulation under anes-
thesia, hydrodilatation, and arthroscopic release, but there is no
one standard of treatment.14,20,43 Although the optimal treatment
method is controversial, intra-articular injections are one of the
most commonly used treatments.1,7,9,10,24,26,40 The purpose of the
injection is to relieve pain early, help ROM exercises, and ultimately
improve function quickly.26 Among the various injection materials,
the intra-articular injection of CS is known to be an effective
treatment,31 and HA is also reported to be effective and similar to
CS.14,22,23 CS increases the transcription of genes coding for anti-
inflammatory proteins such as liporcortin-1, interleukin-10, and
interleukin-1 receptor antagonist and inhibits the expression of
multiple inflammatory genes.17 CS has a greater short-term
effect for AC, but only a small long-term effect.4,26 HA has an
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Table I
Patient characteristics before injection of different regimens.

Variables Saline group (n ¼ 15) CS group (n ¼ 15) HA group (n ¼ 15) CS with HA group (n ¼ 15) P valuey

Mean age* 49.4 ± 4.9 52.3 ± 8.5 54.5 ± 5.1 53.5 ± 7.5 .182
Sex (male:female) 3:12 5:10 9:6 4:11 .133
Dominance (yes:no) 5:10 6:9 7:8 8:7 .819
Duration (mo)* 7.4 ± 5.9 7.6 ± 8.6 6.8 ± 8.3 10.2 ± 8.9 .683
Aggravation (mo)* 1.6 ± 1.0 1.8 ± 1.4 1.8 ± 1.4 2.7 ± 1.5 .605
Follow-up (mo)* 6.2 ± 0.6 6.4 ± 0.8 6.3 ± 0.8 6.3 ± 0.6 .932
Accuracy (success:fail) 15:0 14:1 15:0 15:0 .148

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group.
There is no difference between groups in all variables.

*The values are given as mean difference ± standard deviation.
yBy analysis of variance, P < .05 was defined as statistically significant.
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anti-inflammatory effect and is known to protect damaged
cartilage and improve synovial abnormalities.31,33,36 HA has a
delayed onset between 2 and 5 weeks and continues to be effective
for 6 months.2 Both CS and HA have anti-inflammatory effects as
described previously. The simultaneous administration of both in
orthopedic treatment is reported to be more effective than each
medication alone because their onset and action mechanisms are
different. However, the level of evidence of studies on these in-
jection treatments for AC is limited, and the number of injections,
follow-up periods, and medication dose were different in each
study, making it difficult to interpret the results.26

Only one previous study compared the simultaneous injection
of CS and HA to an injection of CS alone.33 In that study, injections
were administered seven times, but treatment effect of simulta-
neous injections was not clear because of the lack of a control
group. To the best of our knowledge, no studies have systematically
analyzed the effects of CS with HA, CS alone, and HA alone.
Accordingly, the purpose of our study was to address the clear
evidence for the treatment effect of simultaneous injections of CS
and HA. Our hypothesis is that the simultaneous injection of CS and
HA is more effective for improving Shoulder Pain and Disability
Figure 1 Consolidated Standards of Reporting Trials (CONSORT) flow diagram o
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Index (SPADI) scores one month after injection than a single
injection of CS or HA.

Method

Study design and eligibility criteria

A single-center, placebo-controlled, randomized clinical trial
with a blinded outcome assessor was conducted at a university
hospital enrolling patients with unilateral AC. Between 2010 and
2013, patients aged between 25 and 75 years were eligible if they
had painful limitations in shoulder movements. AC was diagnosed
as the presence of shoulder pain and limitations in both active and
passive ROMmore than 25% in at least two planes of forwardflexion
(FF), abduction (ABD), external rotation (ER), and internal rotation
(IR) compared to the contralateral shoulder or normal values.10 As it
was the freezing stage of active capsulitis, the duration of the
symptoms was less than a year.26 We excluded patients if they had
bilateral symptoms, uncontrolled diabetes mellitus, overt hypo-
thyroidism or hyperthyroidism, previous shoulder surgery, any
other previous glenohumeral joint injections, trauma to the
f patient randomization to each regimen of the injection treatment groups.



Figure 2 Mean changes in functional scores after intra-articular injections of different regimens. For UCLA and DASH scores, there was no significant difference between the groups.
HA, hyaluronic acid; CS, corticosteroid; CS with HA, combination of corticosteroid and hyaluronic acid; SPADI, Shoulder Pain and Disability Index; ASES, American Shoulder and Elbow
Surgeons; Constant, Constant system; UCLA, University of California at Los Angeles system; DASH, Disabilities of the Arm, the Shoulder and Hand system; SST, Simple Shoulder test.
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Table II
Meanchanges of functional scores after intra-articular injections of different regimens.

Measurement Saline group HA group CS group CS with HA group P value*

SPADI .006
Preinjection 54.9 ± 25.5 55.9 ± 17.6 55.5 ± 21.8 51.6 ± 12.9
1 d 0.3 ± 11.9 2.8 ± 10.7 �7.2 ± 10.7 �11.8 ± 14.5z .002
1 week 0.7 ± 13.0 3.2 ± 15.2 �11.3 ± 16.9z �17.4 ± 12.9y,z <.001
1 mo �4.2 ± 22.3 �8.0 ± 28.1 �24.2 ± 16.8y �30.1 ± 10.7y,z <.001
3 mo �16.4 ± 28.3 �24.6 ± 25.4 �32.7 ± 20.3 �33.5 ± 19.0 .061
6 mo �29.0 ± 42.8 �41.3 ± 18.9 �39.2 ± 25.9 �37.5 ± 18.5 .683

ASES .034
Preinjection 43.9 ± 20.9 42.7 ± 18.8 44.4 ± 20.9 47.9 ± 19.2
1 d �0.6 ± 9.1 2.5 ± 11.6 7.1 ± 15.9 11.6 ± 16.2y .021
1 week 0.8 ± 15.8 4.3 ± 16.1 9.5 ± 16.8 17.8 ± 14.1y,z <.001
1 mo 11.2 ± 16.2 11.7 ± 23.4 21.3 ± 15.1 28.8 ± 18.6y,z .001
3 mo 20.9 ± 20.6 26.6 ± 23.0 29.8 ± 20.1 28.8 ± 22.3 .381
6 mo 36.5 ± 26.3 44.1 ± 20.8 34.4 ± 26.7 35.9 ± 21.2 .466

Constant .015
Preinjection 34.9 ± 11.6 38.7 ± 14.0 36.5 ± 15.3 38.2 ± 13.3
1 d 0.6 ± 5.4 0.1 ± 8.6 3.7 ± 5.8 2.2 ± 5.7 .357
1 week 3.6 ± 10.4 2.1 ± 7.5 10.2 ± 10.2 10.9 ± 7.8z <.001
1 mo 10.2 ± 10.1 10.0 ± 14.3 19.3 ± 9.0y 25.4 ± 12.3y,z <.001
3 mo 21.1 ± 17.9 21.2 ± 17.3 26.2 ± 12.5 29.3 ± 15.5 .295
6 mo 32.7 ± 22.1 35.9 ± 15.2 29.1 ± 21.9 36.2 ± 15.6 .520

UCLA score .234
Preinjection 16.1 ± 4.6 16.1 ± 3.8 15.6 ± 3.8 16.9 ± 5.2
1 d 2.3 ± 5.3 2.5 ± 4.1 2.8 ± 5.3 3.5 ± 4.4
1 week 2.9 ± 5.9 1.9 ± 3.1 5.1 ± 5.1 6.9 ± 4.5
1 mo 4.9 ± 6.3 4.1 ± 5.2 8.3 ± 5.1 10.9 ± 6.0
3 mo 8.1 ± 7.4 6.7 ± 5.9 9.7 ± 6.3 10.9 ± 6.2
6 mo 11.8 ± 7.2 11.9 ± 5.0 11.7 ± 7.6 12.4 ± 6.8

DASH .001
Preinjection 46.6 ± 26.3 39.4 ± 22.5 43.8 ± 15.2 39.1 ± 12.1
1 d 2.4 ± 8.8 4.7 ± 12.8 �4.6 ± 9.5 �4.7 ± 10.2 .043
1 week 1.7 ± 10.7 2.7 ± 13.8 �8.2 ± 11.1 �13.3 ± 7.9y,z <.001
1 mo �8.7 ± 14.2 �4.5 ± 17.7 �18.2 ± 10.0 �23.6 ± 13.1y,z <.001
3 mo �19.2 ± 23.4 �15.4 ± 15.4 �24.4 ± 13.3 �23.6 ± 15.6 .226
6 mo �31.6 ± 26.7 �27.8 ± 17.0 �27.8 ± 14.1 �26.5 ± 12.9 .933

SST .357
Preinjection 3.3 ± 2.7 4.9 ± 3.2 4.2 ± 3.0 4.3 ± 2.6
1 d 0.6 ± 1.5 0.2 ± 1.7 0.8 ± 2.2 1.3 ± 1.9
1 week 0.8 ± 2.0 0.8 ± 2.5 1.4 ± 2.4 2.6 ± 2.3
1 mo 2.6 ± 2.4 0.9 ± 3.0 3.1 ± 2.4 4.3 ± 2.6
3 mo 4.6 ± 2.8 3.0 ± 1.2 4.3 ± 3.4 5.1 ± 2.7
6 mo 6.2 ± 3.4 5.3 ± 3.5 4.9 ± 3.5 6.1 ± 2.7

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group; SPADI, the Shoulder Pain and
Disability Index; ASES, the American Shoulder and Elbow Surgeons; Constant, the Constant system; UCLA, the University of California at Los Angeles system; DASH, the
Disabilities of the Arm, the Shoulder and Hand system; SST, the Simple Shoulder test.
The values are given as mean difference ± standard deviation. There was no significant difference between the CS with HA group and the CS group.

*By analysis of variance, P < .05 was defined as statistically significant.
ySignificantly greater than that in the saline group.
zSignificantly greater than that in the HA group.
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shoulder (including fracture or dislocation) that required hospital
care within recent six months, neurological symptoms, allergies to
injection materials, secondary AC, systemic inflammatory disease
including rheumatoid arthritis, infection or osteoarthritis of the
shoulder joint, blood coagulation diseases, a full-thickness rotator
cuff tear, serious mental illness, pregnancy, and cerebrovascular
accidents. The study was approved by the Seoul Metropolitan
Governance Seoul National University Boramae Medical Center
Institutional Review Board (IRB no.: 06-2008-44). The trial protocol
is shown in Supplement 1.

Randomization and blinding

After providing consent and undergoing baseline assessment,
the enrolled patients were randomly allocated at a 1:1:1:1 ratio
with block sizes of 8 and 12 using the randomization sequence
created using SAS 9.1 statistical software (SAS Institute Inc., Cary,
NC, USA), which was performed by a biostatistician. The patients
were assigned to receive either HA injection, CS injection, CS and
1094
HA injection, or saline injection as a sham treatment. The assign-
ment was delivered to the assistant who prepared the injection,
and the injection assignment was sealed. The patients, as well as
the main investigator, were blinded to the treatment assignments.
The outcome assessor was blinded to the group allocations and not
involved in providing the interventions.

Intervention

A single physician performed all the injections as previously
described.18 To compare the exact effects of each drug, all
drugs were injected only once at the same dose. The patient in the
saline group received 4 mL of saline and 4 mL of contrast media
(ioxitalamate); the CS group received 1 mL of triamcinolone ace-
tonide (40mg/mL), 3 mL of saline, and 4 mL of contrast media; the
HA group received 2 mL of high-molecular-weight hyaluronic acid
with an average molecular weight of 3000 kD (Hyruan Plus; LG Life
Sciences Ltd, Seoul, Korea), 2 mL of saline, and 4 mL of contrast
media; and the CS with HA group received 1 mL of triamcinolone



Figure 3 Mean changes in pain after intra-articular injections of different regimens. For VAS motion, there was no significant difference between the groups. VAS, visual analog
scale; HA, hyaluronic acid; CS, corticosteroid; CS with HA, combination of corticosteroid and hyaluronic acid.
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Table III
Mean changes of pain after intra-articular injections of different regimens.

Measurement Saline group HA group CS group CS with HA group P value*

Pain-rest .001
Preinjection 3.3 ± 2.6 3.7 ± 2.4 3.9 ± 2.9 2.9 ± 2.0
1 d 0.6 ± 1.3 0.1 ± 1.8 �1.2 ± 2.5 �1.4 ± 1.4y,z <.001
1 week 0.4 ± 2.1 �0.4 ± 2.3 �1.4 ± 2.5 �1.4 ± 1.8y .017
1 mo �0.8 ± 2.4 �0.8 ± 2.8 �2.6 ± 3.3 �2.4 ± 2.0y,z .001
3 mo �1.7 ± 3.1 �1.4 ± 2.5 �2.4 ± 3.5 �1.9 ± 1.8 .488
6 mo �2.6 ± 2.6 �3.0 ± 2.4 �2.7 ± 3.4 �2.1 ± 1.8 .796

Pain-motion .146
Preinjection 6.3 ± 2.4 6.3 ± 2.3 6.5 ± 2.4 6.8 ± 2.3
1 d 0.0 ± 1.8 �0.3 ± 1.8 �0.9 ± 1.4 �1.8 ± 2.1
1 week 0.1 ± 1.8 �0.6 ± 1.9 �1.6 ± 2.2 �2.8 ± 1.7
1 mo �0.8 ± 2.1 �1.5 ± 2.9 �2.5 ± 2.0 �4.2 ± 2.8
3 mo �2.3 ± 2.0 �3.2 ± 2.5 �3.6 ± 2.3 �4.5 ± 2.6
6 mo �3.8 ± 3.6 �4.8 ± 2.5 �4.2 ± 2.7 �5.0 ± 2.9

Pain-night .004
Preinjection 5.2 ± 2.8 6.0 ± 2.2 6.8 ± 3.0 5.8 ± 1.8
1 d 0.7 ± 1.5 0.2 ± 1.4 �1.5 ± 2.6 �2.0 ± 2.5y,z .005
1 week �0.2 ± 2.6 �0.2 ± 1.4 �1.6 ± 2.6 �2.7 ± 2.2z .003
1 mo �0.7 ± 2.3 �0.8 ± 3.3 �3.5 ± 2.6 �3.8 ± 1.9y,z <.001
3 mo �1.7 ± 3.1 �3.1 ± 3.0 �4.3 ± 3.1 �4.2 ± 2.2 .074
6 mo �3.0 ± 4.0 �5.0 ± 2.3 �4.1 ± 3.3 �4.6 ± 1.7 .185

Pain-average .024
Preinjection 5.0 ± 2.4 5.3 ± 2.0 5.7 ± 2.4 5.2 ± 1.6
1 d 0.4 ± 1.1 0.0 ± 1.3 �1.2 ± 2.0 �1.7 ± 1.8y,x <.001
1 week 0.1 ± 1.8 �0.4 ± 1.6 �1.5 ± 2.2 �2.3 ± 1.5y,x .001
1 mo �0.8 ± 2.0 �1.0 ± 2.6 �2.9 ± 2.1 �3.5 ± 1.8y,x .001
3 mo �1.9 ± 2.4 �2.6 ± 2.4 �3.4 ± 2.6 �3.5 ± 1.7 .377
6 mo �3.1 ± 3.2 �4.2 ± 2.2 �3.7 ± 2.8 �3.9 ± 1.6 .495

Pain-worst .037
Preinjection 7.8 ± 1.5 8.0 ± 1.8 8.8 ± 1.4 8.3 ± 1.2
1 d 0.0 ± 1.3 0.5 ± 1.2 �0.9 ± 2.6 �1.4 ± 2.4y,z .002
1 week 0.0 ± 1.3 0.1 ± 1.7 �1.7 ± 2.4 �2.5 ± 2.1y,z <.001
1 mo �1.0 ± 1.8 �0.3 ± 2.9 �3.1 ± 2.8 �4.1 ± 2.7y,z <.001
3 mo �2.2 ± 2.4 �2.6 ± 2.6 �4.5 ± 2.5 �4.7 ± 2.7 .098
6 mo �3.8 ± 3.7 �5.1 ± 2.7 �3.7 ± 2.4 �5.1 ± 2.3 .472

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group.
The values are given as mean difference ± standard deviation.

*By analysis of variance, P < .05 was defined as statistically significant.
ySignificantly greater than that in the saline group.
zSignificantly greater than that in the HA group.
xSignificantly greater than that in the CS group.
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acetonide, 2 mL of hyaluronic acid, 1 mL of saline, and 4 mL of
contrast media. Three images were obtained after the injection to
ascertain whether a true intra-articular injection was made: a
standard shoulder anteroposterior view, a lateral scapular view,
and a shoulder axillary view. The accuracy of the injection was
judged as previously described18 (Supplement 1).

Outcome assessments

Follow-up was at 1 day, 1 week, 1 month, 3 months, and 6
months after injection using patient-reported questionnaires and
performance tests at a clinic visit. We concluded that 6 months of
follow-up was sufficient because previous studies reported no
differences between treatment groups after 6 months.10,24,41

The primary outcome measure was changes in the mean SPADI
from baseline to 1 month after treatment. SPADI scores decrease as
pain and patient function improve. The SPADI has beenwidely used
for assessing AC.10,38,44

The secondary outcome measures were assessed according to
changes in the mean (1) pain, (2) ROM, (3) strength, (4) functional
scores, and (5) overall satisfaction from baseline to the follow-up
period. A visual analog scale (VAS) was used to evaluate pain at
rest, on motion, and at night and the worst pain. The patients were
asked to use a 10-cm scale marked from 0 as “no pain” to 10 as
1096
“unbearable pain”. The average pain scores were also calculated
and compared. ROM was measured with a goniometer in active FF,
ABD, ER with the arm at the side, and IR. IR was measured using
vertebral levels, and these were translated into numbers from 1 for
the buttocks to 17 for the T2 spinous process. The strength of the
supraspinatus, infraspinatus, and subscapularis muscles was
measured using a hand-held electronic scale (CHS; CAS, Yangju,
Korea). The functional scoring systems used were the American
Shoulder and Elbow Surgeons (ASES) system, the Constant system,
the University of California at Los Angeles system, the Disabilities of
the Arm, Shoulder and Hand (DASH) system, and the Simple
Shoulder test. Functional scores except DASH scores increase as
pain, function, and patient satisfaction improve. DASH scores
decrease as pain and patient function improve. To evaluate overall
satisfaction, the patients were asked to answer “yes” or “no” to
questions concerning their willingness to undergo intervention
again, whether they were prepared to recommend the intervention
to another, and whether they were able to work as they did before
injury. In addition, VAS scores were obtained for overall shoulder
function and satisfaction. The patients were asked to use a 10-cm
scale marked from “I can’t use it” to “I feel normal” for function,
and from “very unsatisfied” to “very satisfied” for satisfaction.32

After the injection, the investigator handed out picture leaflets
and instructed the participants on a home exercise program for



Figure 4 Mean changes in active range of motions after intra-articular injections of different regimens. FF, forward flexion; Abd, abduction; ER, external rotation; IR, internal
rotation; HA, hyaluronic acid; CS, corticosteroid; CS with HA, combination of corticosteroid and hyaluronic acid.
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increasing the ROM of the joint. A recommendation was also given
at each follow-up visit to keep exercising. Exercises were to be
performed twice a day, with each round lasting 10 to 15 minutes.
The patients were also prohibited from taking any additional
physical therapy or medication. Adverse effects of the intervention
experienced by the participants were elicited with the use of open-
ended questions.

Sample size

The required sample size was calculated based on the study of
AC treatment by Carrette et al.10 Using the results of that study, a
sample size calculation was performed to provide a statistical po-
wer of 80% at an a level of 0.05 with a standard deviation of 25. We
obtained a minimum sample size of 48 patients (12 patients in a
group). Taking a failure rate of 20% into consideration, 60 patients
(15 patients in a group) were required.
1097
Statistical analysis

The statisticianwho conducted the data analyses was blinded to
the group allocations. The outcome measures were analyzed based
on the intention-to-treat principle. The continuous variables were
compared using the Kruskal-Wallis test or analysis of variance. The
categorical variables were compared using the Chi-squared test or
Fisher’s exact test. The linear mixed-effect model for repeated
measures was used to examine the curative means of short acting
duration in the primary and secondary analyses.6

In the linear mixed-effect model, group, time, and group-by-
time interaction were included as fixed factors with subject vari-
abilities as a random factor. If the group-by-time interaction was
significant, post-hoc tests for comparisons between the groups
were conducted to assess the group differences at each time. Sta-
tistical analyses were performed using SAS 9.4 (SAS Institute, Cary,
NC, USA), and the significance level was set at a P value of 0.05.

mailto:Image of Figure 4|tif


Table IV
Mean changes of active and passive range of motion after intra-articular injections of different regimens.

Measurement Saline group HA group CS group CS with HA group P value*

Active FF <.001
Preinjection 115.7 ± 23.5 114.3 ± 16.9 111.0 ± 28.0 121.7 ± 26.8
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .709
1 week �5.7 ± 20.0 4.3 ± 18.6 14.0 ± 25.2 11.1 ± 15.4y .023
1 mo 8.7 ± 18.1 14.0 ± 17.2 31.7 ± 20.8y 31.0 ± 27.0y,z <.001
3 mo 29.0 ± 28.7 27.0 ± 21.8 37.0 ± 28.7 37.3 ± 22.0 .171
6 mo 43.7 ± 35.6 49.3 ± 23.7 41.3 ± 41.0 46.3 ± 23.5 .614

Active AB .002
Preinjection 86.7 ± 16.1 93.3 ± 18.1 93.0 ± 27.3 90.7 ± 29.3
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .726
1 week 5.0 ± 16.3 �0.7 ± 6.8 11.7 ± 16.2 12.7 ± 19.0z .007
1 mo 9.7 ± 26.0 21.7 ± 19.7 26.3 ± 21.9 44.7 ± 33.4y .002
3 mo 35.3 ± 37.5 31.7 ± 24.7 42.7 ± 31.0 59.3 ± 34.0 .049
6 mo 63.3 ± 40.6 61.7 ± 31.1 56.0 ± 47.1 75.0 ± 34.5 .412

Active ER .001
Preinjection 23.7 ± 13.2 21.3 ± 6.4 24.7 ± 11.9 24.7 ± 16.0
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .709
1 week �1.0 ± 13.0 1.7 ± 3.1 4.0 ± 8.3 3.0 ± 8.2 .221
1 mo 2.7 ± 14.3 4.7 ± 12.9 11.0 ± 15.9 19.3 ± 8.6y,z <.001
3 mo 11.0 ± 22.0 7.0 ± 15.3 14.3 ± 14.3 18.7 ± 13.9 .054
6 mo 24.0 ± 25.0 20.7 ± 18.3 15.3 ± 15.5 22.0 ± 21.7 .537

Active IR <.001
Preinjection 2.7 ± 2.0 2.4 ± 2.0 2.7 ± 2.1 3.0 ± 1.9
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .867
1 week 0.5 ± 1.7 0.2 ± 0.9 1.9 ± 2.3z 2.0 ± 1.8z <.001
1 mo 1.4 ± 1.4 1.7 ± 2.1 3.7 ± 2.3y 5.7 ± 2.6y,z <.001
3 mo 3.2 ± 3.4 3.5 ± 2.8 5.3 ± 2.7 6.1 ± 2.2y,z .001
6 mo 5.7 ± 3.5 6.8 ± 2.4 5.6 ± 4.0 6.8 ± 2.5 .445

Passive FF .002
Preinjection 121.7 ± 21.2 120.3 ± 17.5 117.7 ± 28.6 128.3 ± 26.0
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .688
1 week 1.3 ± 15.9 5.7 ± 19.3 13.0 ± 23.0 9.0 ± 15.0 .144
1 mo 11.3 ± 15.2 13.3 ± 17.2 31.0 ± 21.3y,z 31.0 ± 23.2y,z <.001
3 mo 29.3 ± 25.6 27.7 ± 23.4 35.7 ± 25.3 36.0 ± 22.2 .180
6 mo 41.3 ± 31.7 45.7 ± 25.8 38.3 ± 39.8 44.3 ± 25.1 .509

Passive AB <.001
Preinjection 91.7 ± 18.3 100.0 ± 19.5 97.3 ± 25.5 95.3 ± 26.6
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .682
1 week 7.7 ± 17.2 �3.0 ± 8.4 15.3 ± 18.2z 12.0 ± 20.3 .003
1 mo 15.7 ± 26.1 18.3 ± 24.0 28.0 ± 18.8 53.3 ± 28.4y,z,x <.001
3 mo 37.3 ± 34.9 24.5 ± 37.5 43.7 ± 29.4 60.0 ± 32.6z .027
6 mo 62.0 ± 37.9 58.3 ± 34.5 54.7 ± 44.6 74.0 ± 27.7 .214

Passive ER .004
Preinjection 28.7 ± 12.7 25.0 ± 8.0 27.0 ± 10.8 29.0 ± 18.6
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .736
1 week �1.0 ± 13.4 0.7 ± 1.8 4.7 ± 8.8 2.3 ± 8.4 .215
1 mo 1.3 ± 12.9 3.3 ± 12.2 14.0 ± 15.1 19.7 ± 13.8y,z <.001
3 mo 8.3 ± 22.2 9.0 ± 15.3 18.7 ± 15.6 20.3 ± 19.3 .034
6 mo 23.3 ± 25.3 20.3 ± 19.0 18.3 ± 18.0 23.7 ± 28.3 .719

Passive IR <.001
Preinjection 3.3 ± 2.3 3.3 ± 3.1 3.4 ± 2.2 3.9 ± 2.3
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .856
1 week 0.3 ± 1.9 �0.5 ± 3.0 2.1 ± 2.1z 1.7 ± 1.4y,z .001
1 mo 1.1 ± 1.7 0.7 ± 1.4 3.9 ± 2.2y,z 5.1 ± 2.4y,z <.001
3 mo 3.4 ± 3.5 3.1 ± 3.6 5.4 ± 2.2 5.4 ± 2.6 .013
6 mo 6.1 ± 3.9 6.3 ± 3.2 5.6 ± 3.5 6.7 ± 2.3 .491

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group; FF, forward flexion; AB, abduction;
ER, external rotation; IR, internal rotation.
The values are given as mean difference ± standard deviation.

*By analysis of variance, P < .05 was defined as statistically significant.
ySignificantly greater than that in the saline group.
zSignificantly greater than that in the HA group.
xSignificantly greater than that in the CS group.
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Results

Demographics and accuracy

Sixty patients were randomized and treated with one of the four
interventions according to the assigned group. There were 39
1098
female and 21 male patients, with a mean age of 52.4 years and
mean symptom duration of 8.0 months. Table I shows the de-
mographic and outcome variables of the 4 intervention groups at
baseline. Before injection, none of the demographic and outcome
variables were different between the four intervention groups.
Except for the CS groups, which showed 93.3% injection accuracy



Figure 5 Mean changes of in passive range of motions after intra-articular injections of different regimens. FF, forward flexion; Abd, abduction; ER, external rotation; IR, internal
rotation; HA, hyaluronic acid; CS, corticosteroid; CS with HA, combination of corticosteroid and hyaluronic acid.
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due to one failed injection, all other groups showed an injection
accuracy of 100% without any significant differences between the
four groups (P ¼ .15; Table I).

Among 60 patients, 1 patient with steroid injections was lost to
the follow-up after 3 months, who went to a different hospital
because of the intraepithelial carcinoma of appendix. Thus, follow-
up data were obtained for 59 of 60 participants (98.3%) after 6
months (Fig. 1).

Primary outcome measure

The primary outcome measure, the mean change in SPADI
scores, is shown in Figure 2 and Table II. One month after injection,
the SPADI scores of the CS with HA group decreased the most
compared to those in the other groups. The SPADI scores improved
1099
by a mean (percentage %) of �30.1 points (�58.4%) in the CS with
HA group, which was significantly superior to the improvements
of �4.2 (�7.7%) and �8.0 points (�14.4%) observed in the saline
group and the HA group, respectively (P < .001 and P ¼ .03,
respectively). The CS group showed a significantly greater change
by �24.2 points (�43.7%) than the saline group (P ¼ .009). A week
after injection, the SPADI scores improved by �17.4 points (-33.6%)
in the CS with HA group, which was superior to the improvements
of 0.7 (1.3%) and 3.2 points (5.7%) observed in the saline group and
HA group, respectively (P < .001 and P < .001, respectively). The CS
group showed a significantly greater change by �11.3 points
(�20.4%) than the saline group (P ¼ .023). There was no significant
difference between the CS with HA group and the CS group, but the
score was decreased much more in the CS with HA group. There
was no difference between the groups after 3 and 6th months.

mailto:Image of Figure 5|tif


Figure 6 Mean changes in strength of SST, IST, and SB muscles after intra-articular injections of different regimens. There was no significant difference between the groups. SST,
supraspinatus muscle; IST, infraspinatus muscle; SB, subscapularis muscle; HA, hyaluronic acid; CS, corticosteroid; CS with HA, combination of corticosteroid and hyaluronic acid.
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Secondary outcome measures

Pain
The VAS scores at rest and at night, and the worst and average

VAS scores, differed between the groups over time, but there was
no difference in VAS scores at motion between the groups (Fig. 3
and Table III). In all VAS scores except the VAS scores at motion,
the CS with HA group showed faster pain relief than the saline
group, whereas the CS group and the HA group showed no differ-
ence from the saline group in pain relief at any point. One day and 1
month after injection, the VAS scores at rest and at night and the
worst scores were improved in the CS with HA group, which were
significantly superior to the improvements in the saline and HA
groups. One week after injection, improvements in the worst VAS
scores in the CS with HA group were significantly superior to those
in the saline group and the HA group. From one day to 1 month
1100
after injection, improvements in VAS scores at rest and at night and
the worst scores in the CS with HA group were higher than those of
the CS group, but there were no significant differences. The mean
change in average VAS scores in the CS with HA group was superior
to that in the saline group and the CS group after 1 day, 1 week, and
1 month. Three and 6 months after injection, there was no
significant difference between the groups in any pain scores.

Range of motion

The mean change in the active ROM differed between the
groups over time (Fig. 4 and Table IV). After 1 month, the mean
change in the active FF and ER in the CS with HA group was
significantly higher than that in the saline and HA groups. The
mean change in the active ABD in the CS with HA group was su-
perior to that in the saline group. In the CS group, the mean change

mailto:Image of Figure 6|tif


Table V
Mean changes of power of rotator cuff muscle after intra-articular injections of different regimens.

Measurement Saline group HA group CS group CS with HA group P value*

Power-SST .072
Preinjection 5.3 ± 4.5 6.6 ± 2.9 5.4 ± 2.8 5.3 ± 4.5
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
1 week 0.3 ± 2.7 1.1 ± 2.3 1.8 ± 2.6 2.5 ± 3.4
1 mo 2.2 ± 2.7 2.5 ± 3.3 3.0 ± 2.0 4.9 ± 4.4
3 mo 3.5 ± 3.4 4.5 ± 4.3 4.2 ± 3.1 4.3 ± 6.3
6 mo 4.3 ± 4.6 7.0 ± 4.1 4.3 ± 3.2 5.9 ± 4.1

Power-IST .309
Preinjection 5.3 ± 4.0 6.2 ± 3.6 5.0 ± 2.4 6.7 ± 3.8
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
1 week 0.5 ± 2.5 0.8 ± 2.7 2.1 ± 2.3 0.7 ± 3.6
1 mo 2.8 ± 2.9 1.4 ± 2.7 2.3 ± 3.1 2.0 ± 3.3
3 mo 3.4 ± 3.8 2.2 ± 3.1 3.3 ± 3.3 2.8 ± 2.7
6 mo 2.5 ± 5.8 2.4 ± 2.9 2.6 ± 3.7 2.6 ± 3.4

Power-SB .032
Preinjection 8.5 ± 4.1 11.4 ± 3.9 7.6 ± 4.8 10.1 ± 6.0
1 d 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 .229
1 week 1.0 ± 3.1 1.1 ± 3.5 2.4 ± 3.9 1.7 ± 4.9 .738
1 mo 3.2 ± 3.8 1.2 ± 3.3 3.8 ± 4.0 5.2 ± 4.8 .098
3 mo 3.5 ± 5.5 2.4 ± 3.2 4.6 ± 5.2 4.9 ± 6.5 .627
6 mo 4.5 ± 6.1 2.4 ± 3.4 5.9 ± 6.4 6.7 ± 6.3 .114

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group; SST, supraspinatus; IST, infra-
spinatus; SB, subscapularis.
The values are given as mean difference ± standard deviation. There was no significant difference between groups.

*By analysis of variance, P < .05 was defined as statistically significant.
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in the active FF and IR was superior to that of the saline group.
Three and 6 months after injection, there was no significant dif-
ference between the groups in active FF, ABD, or ER. One and 3
months after injection, the mean change in the active IR in the CS
with HA group was superior to that in the saline and HA groups. Six
months after injection, there was no significant difference between
the groups in active IR.

The mean change in passive ROM also differed between the
groups over time (Fig. 5 and Table IV). After a month, the mean
changes in all passive ROM in the CS with HA group were signifi-
cantly higher than those in the saline and HA groups. For passive
ABD, the CS with HA group was superior to the CS group. The mean
change in the passive FF and IR in the CS group were superior to
those of the saline and HA groups after a month. Threemonths after
injection, the mean change in the passive ABD in the CS with HA
group was superior to that of the HA group. Six months after
Table VI
Positive responder about overall satisfaction after intra-articular injections.

Measurement Saline group HA group

Injection again
1 d 66.7% 86.7%
1 week 80.0% 66.7%
1 mo 80.0% 66.7%
3 mo 86.7% 80.0%
6 mo 100.0% 86.7%

Recommend injection
1 d 66.7% 93.3%
1 week 80.0% 80.0%
1 mo 80.0% 66.7%
3 mo 86.7% 80.0%
6 mo 100.0% 86.7%

Can work as before getting injured
1 d 60.0% 73.3%
1 week 60.0% 80.0%
1 mo 80.0% 93.3%
3 mo 66.7% 73.3%
6 mo 80.0% 93.3%

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, comb
The values are given as percentage. There was no difference between groups.

*By analysis of variance, P < .05 was defined as statistically significant.
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injection, there was no significant difference between the groups in
any passive ROM.
Strength

The strength of the supraspinatus, infraspinatus, and sub-
scapularis muscles increased over time in all groups, but there was
no significant difference between the groups (Fig. 6 and Table V).
Functional scores

In the mean changes in ASES, Constant, and DASH scores, the CS
with HA group was superior to the saline group and the HA group
after a month. The CS with HA group also showed superior
improvement in the ASES and DASH scores compared to the saline
CS group CS with HA group P value*

.89
60.0% 86.7%
73.3% 93.3%
93.3% 93.3%
80.0% 93.3%
86.7% 93.3%

.699
60.0% 80.0%
80.0% 80.0%
93.3% 93.3%
73.3% 93.3%
80.0% 93.3%

.805
80.0% 80.0%
80.0% 80.0%
80.0% 80.0%
93.3% 80.0%
93.3% 86.7%

ination of corticosteroid and hyaluronic acid group.



Table VII
Mean changes of overall shoulder function (VAS) after intra-articular injection and values of overall satisfaction (VAS) after intra-articular injections of different regimens.

Measurement Saline group HA group CS group CS with HA group P value*

Overall Shoulder Function (VAS) .192
Preinjection 4.4 ± 2.2 4.2 ± 1.8 3.9 ± 1.9 3.3 ± 1.9
1 d �0.7 ± 2.0 0.3 ± 2.2 0.5 ± 3.2 2.4 ± 2.9
1 week �0.5 ± 1.8 0.3 ± 2.4 1.1 ± 2.5 2.5 ± 3.2
1 mo 0.3 ± 3.5 1.1 ± 2.9 2.6 ± 2.3 3.5 ± 3.0
3 mo 1.6 ± 3.4 2.1 ± 2.1 3.0 ± 2.4 3.8 ± 2.6
6 mo 2.7 ± 3.2 3.5 ± 2.2 3.3 ± 2.5 4.1 ± 2.5

Overall Satisfaction (VAS) .085
1 d 5.4 ± 2.1 5.1 ± 2.1 5.3 ± 2.3 6.7 ± 2.5
1 week 6.5 ± 1.9 5.3 ± 2.4 6.6 ± 2.3 8.3 ± 1.7
1 mo 7.1 ± 2.4 5.6 ± 2.2 6.9 ± 1.6 8.5 ± 2.0
3 mo 6.9 ± 2.3 6.3 ± 2.4 7.3 ± 2.2 7.9 ± 2.1
6 mo 7.7 ± 2.6 7.8 ± 2.2 6.9 ± 2.6 8.3

HA group, hyaluronic acid group; CS group, corticosteroid group; CS with HA group, combination of corticosteroid and hyaluronic acid group; VAS, visual analogue scale.
The values are given as mean difference ± standard deviation. There was no difference between groups.

*By analysis of variance, P < .05 was defined as statistically significant.
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and HA groups one week after injection. Three and 6 months after
injection, there was no significant difference between the groups.

Overall satisfaction

The responses to the questions were not different between the
groups at any time point (Table VI). The VAS scores for overall
shoulder function and overall satisfaction improved in all groups
with time, but there was no significant difference between the
groups (Table VII).

Discussion

The most important findings of this study were (1) the mean
changes in SPADI scores, active and passive ROM, and functional
scores (ASES, Constant, and DASH score) in the CS with HA group
were superior to those of the saline and HA groups after 1 month.
Compared to the CS group, there was no significant difference, but
the CS with HA group showed greater changes. (2) The mean
change in pain at rest and at night and worst and average scores
from 1 day to 1 month after injection in the CS with HA groups was
superior to those of the saline and HA groups. The CS group and the
HA group were not significantly different compared to the saline
group. (3) There was no significant difference between the HA
group and the saline group in any outcome measure in patients
with AC. Thus, in treatment of AC, the simultaneous injection of CS
with HA may be faster and more effective for improving pain and
function than a single injection of CS or HA.

To the best of our knowledge, only one study has been con-
ducted on simultaneous injections of CS and HA for AC.33 In that
study, simultaneous injections of CS with HA and injections of CS
alone were compared without control group, and the simultaneous
injections of CS with HA showed superior results for improving
ROM six months after injection compared to the injections of CS
alone. Unlike that study, our study used saline as the positive
control, used a homogenous patient group by limiting the symptom
duration to less than one year, and injected the same dose only once
in the groups. Through this, it was possible to evaluate the actual
treatment effect of each group compared to the saline positive
control as well as to compare the simultaneous injection of CS with
HA to single injections of CS or HA. As a result, in our study, all
groups showed improvement in pain and function, and there was
no significant difference between the groups after 3 and 6 months.
This difference in the results of the previous study and our study
may be because the previous study performed monthly injections
for 6 months, but our study administered only single injections.
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Furthermore, our study compared saline injections and each
injection regimen from 1 day after injection, so the objective effect
of each drug regimen could be determined from an early follow-up
period. Almost all previous studies on CS or HA injections evaluated
the effects one month or later after injection.10,34,40 Our study
showed that the mean changes in SPADI scores and active FF, active
IR, and Constant scores in the CS group and the CS with HA group
were superior to those in the saline group, and in passive ABD, the
CS with HA group was superior to the CS group after a month.
Furthermore, the CS with HA group showed significantly better
SPADI scores and passive IR, ASES, and DASH scores than the saline
group 1 week after injection and showed greater changes than the
CS group. As new findings that have not been found in previous
studies, our results suggest that the simultaneous injection of CS
and HA can have a greater effect from 1 week after injection, which
is an earlier response than previously reported. A previous in vivo
study reported that the combination of CS and HA increased the
concentration of CS faster.5 We think the fast effect of the simul-
taneous injection of CS and HA in our study might have resulted
from this synergistic phenomenon. Taken together, the simulta-
neous injection of CS and HA is the fastest and most effective
method for the functional recovery of patients with AC, and an
injection of CS alone was also effective for functional recovery but
was slower and less effective than the simultaneous injection of CS
and HA.

The pain of AC is more severe at night, and many patients feel
uncomfortable sleeping on the affected side.27 In previous studies,
CS was reported to show improvement in pain early after injec-
tion.7,10,34,40 In our study, for all pain except pain on motion, only
the simultaneous injection of CS with HA showed a significant
effect from 1 day to 1 month compared to the saline group,
resulting in rapid pain improvement. The injection of CS alone had
no statistically significant effect compared to the saline group but
showed a tendency to rapidly decrease all types of pain from one
day after injection. In contrast, night pain one day after injection
increased in the saline and HA groups compared to before injec-
tion. At 3 and 6 months after injection, pain improved in all
groups, but the effect was experienced more quickly in the CS
group and the CS with HA group. Furthermore, the average pain
scores in the CS with HA group were superior to those in the CS
group at 1 day, 1 week, and 1 month after injection. Thus, the
results of our study showed that the intraarticular injection of CS
had an excellent effect in improving the quality of sleep, ROM, and
function by rapidly alleviating pain in patients with AC, and this
action had a synergistic effect when simultaneously injected
with HA.
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Compared to other groups including the saline group, the
injection of HA alone did not show a significant difference in any
outcomemeasures at any follow-up period and did not have a rapid
effect on pain improvement. Rather, at follow-up up to 3 months,
the injection of CS alone was superior to the injection of HA alone
for rapid pain relief and improvement in ROM. Thus, the efficacy of
HA alone may be inferior. Some previous studies reported the
positive effects of HA for painful shoulder disease three months
after injection.9,15,21,23 However, because the patient experiences
three painful events, the injection of HA is thought to be inefficient
compared to an injection of CS. In addition, considering the pre-
vious studies that showed improvement in pain and function by
any treatment after 6 weeks, 3 months may be inappropriate for
evaluating the effects of the injection.10,34 One of the reasons for
recommending an injection of HA was the concern about systemic
side effects caused by CS. However, as the shoulder joint has a less
vascularized small synovial surface, and pathological changes in
fibrosis and adhesion prevent systemic steroid absorption, the
systemic spillover of CS is minimal.12,32

The clinical usefulness of HA injections has been demonstrated
by their safe and efficient use for knee osteoarthritis, and the
onset of therapeutic effect has been reported to be delayed be-
tween 2 and 5 weeks of injection.16,19 In contrast, CS was reported
to show maximum pain relief between 1 and 2 weeks in treating
osteoarthritis of the knee.8 Both drugs improve synovial fluid
quality and relieve clinical symptoms by anti-inflammatory
effects. However this effect was rapid but short for CS and
delayed but prolonged for HA.2 Many studies on the simultaneous
injection of CS and HA have been conducted in treating osteoar-
thritis of the knee.11,29,30,35,42 According to these studies, CS de-
polymerizes superoxide anion generated by inflammatory cells,
and HA protects joints from the harmful effects of CS when
injected together. Thus, it has synergistic effects and shows
excellent clinical results. Furthermore, the simultaneous injection
of CS and HAwas advantageous in increasing the concentration of
CS rapidly and maintaining a sustainable concentration longer.5 In
the treatment of AC, the effective execution of ROM exercises
through rapid pain relief is important. Therefore, a simultaneous
intra-articular injection of CS and HA, which brings rapid pain
relief and functional improvement, is suggested to be a more
effective treatment than HA which requires three injections and
shows delayed onset.

This study had several limitations. As a single-center study, the
number of subjects was small. Although the sample size was
determined through power analysis, it was determined that such a
small sample size affected the outcome measures, which found no
significant difference between the groups despite the obvious dif-
ferences in mean changes. The routine regimen is to inject HA three
times a week for intra-articular injections, but only a single injec-
tion of HA was performed to evaluate the efficacy of a single drug.
Contrary to the study of Hannafin and Chiaia in which AC was
divided into 4 stages according to arthroscopic findings and clinical
examination,13 we selected patients in the freezing stage only by
clinical examination. However, there was no difference in symptom
duration between the 4 groups, so the comparison of the efficacy of
drugs seems reasonable.

Conclusion

In the treatment of AC, the simultaneous injection of CS and HA
was more effective for improving SPADI score at one month after
injection than a single injection of HA and was not inferior to a
single injection of CS. Thus, the simultaneous injection of CS and HA
can be recommended for the effective and safe treatment of AC.
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