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Abstract.
BACKGROUND: Ultrasound is increasingly being utilized in the diagnosis and treatment of adhesive capsulitis.
OBJECTIVE: To compare the therapeutic effects and advantages of combined handheld ultrasound and fluoroscopy-guided
intra-articular corticosteroid injection with those of conventional ultrasound-guided corticosteroid injection in adhesive capsulitis
of the shoulder.
METHODS: A total of 39 patients diagnosed with adhesive capsulitis of the shoulder were randomly assigned into two groups.
Group A patients (n = 19) underwent combined handheld ultrasound and fluoroscopy-guided corticosteroid injection and group B
patients (n = 20) underwent conventional ultrasound-guided corticosteroid injection to the intra-articular space of the shoulder
twice. Treatment efficacy was assessed at 2 and 6 weeks after the final injection, based on the verbal numeric pain scale, Shoulder
Pain and Disability Index, and range of motion. Secondary outcome measures were the accuracy and procedure time.
RESULTS: Both injection methods were effective in the treatment of adhesive capsulitis. No significant differences in treatment
efficacy and injection accuracy were observed between the two groups (p > 0.05).
CONCLUSIONS: This study showed no statistical differences in treatment efficacy between 2 groups. However, the combined
use of ultrasound and fluoroscopy can increase the accuracy of injection compared with conventional ultrasound alone.
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1. Introduction

Adhesive capsulitis is one of the most common
causes of shoulder pain and disabilities [1]. This condi-
tion is characterized by a hypertrophic synovial capsule,
adhesions and contracture of the glenohumeral cap-
sule, fibrosis, and inflammatory processes [2,3]. Painful
shoulder stiffness can adversely affect daily life activi-
ties and ultimately reduce the quality of life [3].

Several treatment methods, such as corticosteroid in-
jection, use of nonsteroidal anti-inflammatory drugs,
and physical therapy, can be applied for treating adhe-
sive capsulitis of the shoulder [2]. Intra-articular (IA)
injection was reported to be effective in decreasing pain
and increasing the shoulder range of motion (ROM) in
patients with adhesive capsulitis [4–7].

Ultrasound (US) is increasingly being utilized in the
diagnosis and treatment of musculoskeletal diseases. A
previous study has shown that US-guided IA corticos-
teroid injection has advantages over fluoroscopy (FL)-
guided capsular distension, including lack of radiation
exposure, increased accuracy by viewing the expan-
sion of joint spaces, and better convenience of use with
similar therapeutic effects [8]. Although US has more
advantages than FL, the US device is still bulky and
difficult to transport and handle in health-care facilities.

Previous studies have reported the accuracy of US-
guided IA injection in the glenohumeral joint to be 90–
93.3% [9–11]. Extra-articular corticosteroid injections
can lead to complications including soft-tissue atrophy,
tendon degeneration or ruptures, and skin depigmenta-
tion [12]. Several studies have reported on combined FL
and US-guided interventions for musculoskeletal pain
treatment [13–15]. This combined method allows avoid-
ing critical structures in the needle path while checking
the progress of the needle in real time under US. In
addition, by injecting a contrast media, it is possible
to confirm whether the injection was performed at the
correct site through the fluoroscopic image. Therefore,
this combined method enables injecting with safety and
accuracy. However, studies on this method with respect
to musculoskeletal treatment are still lacking. Further-
more, using US and FL simultaneously requires a large
space; mastering both methods can be difficult; and
cost-effectiveness problems may exist.

A portable US device was developed in 1975, and a
handheld US device was developed in the late 1990s.
With continuous technological advancements, smaller
and lighter devices that provide high-quality images be-
came recently available [16]. A handheld device enables
physicians to make instant assessments in or outside the

hospital. It can reduce the patients’ waiting time and
enhance the clinicians’ workflow [16]. Moreover, previ-
ous studies have shown the efficacy and convenience of
use of handheld US systems, as well as their capability
to detect some diseases [17].

The aim of this study was to compare the therapeutic
effects and advantages of that combined FL and hand-
held US-guided and the conventional US-guided IA
injection in order to verify the usefulness of that com-
bined FL and handheld US-guided IA injection in the
treatment of frozen shoulders.

2. Materials and methods

2.1. Participants

After obtaining institutional review board approval
and clinical trial registration (GDIRB2017-113), 40
patients with frozen shoulder were enrolled into this a
prospective, randomized single blind-pilot study. This
study included patients who complained of shoulder
pain and showed limitation of shoulder ROM from April
to December 2017.

The diagnosis of adhesive capsulitis was made by
two physiatrists based on history taking, physical exam-
ination, radiologic evaluation, and musculoskeletal US
findings. The inclusion criteria were as follows: disease
duration of 3–9 months and a > 30◦ reduction in pas-
sive ROM (pROM) in at least two of forward flexion,
abduction, and external rotation of the affected shoulder
compared with the contralateral side [8].

The exclusion criteria were as follows: US finding
of a full-thickness tear of rotator cuff; hospitalization
over the previous 6 months for a shoulder joint-related
incident; a severe psychiatric problem; age < 19 or
> 70 years; a plain radiographic finding of significant
glenohumeral joint arthritis; systematic rheumatic dis-
ease; a neurologic disorder, such as cervical radiculopa-
thy or stroke; a bleeding tendency; use of anticoagu-
lants; diabetes mellitus (associated with adverse effects
of corticosteroids); history of adverse reactions of local
anesthetics; presence or suspicion of infection; or use of
any drug (other than acetaminophen) during treatment
or follow-up that might affect outcomes [8–10].

2.2. Randomization of participants

After the eligibility assessment, initial evaluation was
performed. Participants were randomly assigned into
one of 2 groups using a computer-generated random-
ization table.
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Fig. 1. Combined fluoroscopy (FL) and handheld ultrasound (US)-guided intra-articular (IA) injection technique. (A) Combined FL and handheld
US equipment set. (B) Handheld US equipment set. (C) Image of the handheld US on the shoulder. D, deltoid; IS, infraspinatus; G, glenoid; HH,
humeral head. Arrows indicate the needle. (D) Image of the FL with the handheld US equipment on the shoulder.

For group A, portable US (SONON 300L R©; Heal-
cerion, Seoul, Korea) and FL (VersiFlex VISTA; HI-
TACHI, Tokyo, Japan) devices were used during IA in-
jection and for follow-up evaluation in the clinic room.
The frequencies of the probes were 5.75 and 10 MHz,
respectively. For group B, a conventional US device
(LOGIQ S7 Expert R©; General Electric, Boston, MA,
USA) was used in the US room.

The frequencies of the linear probes were between
5 and 15 MHz. Patients in groups A and B were ad-
ministered the same mixture containing 0.5% lidocaine
(7 ml), triamcinolone 20 mg (1 ml), and nonionic con-
trast medium (Omnipaque 300; GE Healthcare, Shang-
hai, USA; 2 mL).

2.3. Combined FL and handheld US-guided IA
injection technique

All US examinations of the shoulder and combined
FL and handheld US-guided IA injection procedures
were performed by one physician (K.D. Park) with >
12 years’ experience.

During the injection, the patients were placed on the
C-arm table in the prone position with their upper arm
adducted and internally rotated. The posterior of the
acromion was palpated, and the injection site was 1 cm
inferior and 1 cm medial to the acromion. Under FL
and handheld US guidance, injection with a postero-
lateral approach was performed using a 25-gauge, 2.5
inch needle (Fig. 1) [12,18]. All injections were made
after ensuring with US that the needle tip was properly
located in the IA space and finally checking the contrast
medium in the joint cavity with FL.

2.4. US-guided IA injection techniques

During the injection, the patients were in a sitting

position with their arm adducted and internally rotated.
The posterior of the acromion was palpated, and the
injection site was 1 cm inferior and 1 cm medial to the
acromion. After needle entry, injection was performed
toward the coracoid process. Under US guidance, injec-
tion with a posterolateral approach was performed using
a 25-gauge, 2.5 inch needle. All injections were made
after ensuring with US that the needle tip was prop-
erly located in the IA space. The accuracy of injection
into the IA space was checked during the procedure,
and joint capsule distension was assessed in appropriate
cases (Fig. 2) [18].

The participants in both groups were asked to limit
shoulder motion for at least 10 min after injection to
allow the localization of the injected drugs in the artic-
ular capsule. All participants were prescribed a simple
exercise program comprising pendulum exercise and
scapular setting (isometric scapular retraction). Addi-
tionally, acetaminophen or ice massage was permitted
in patients with pain at the injection site. The first IA
injection was immediately performed after the diagno-
sis of adhesive capsulitis. After 2 weeks, a second IA
injection was performed. The injection frequency was
identical for groups A and B.

2.5. Evaluation of accuracy, treatment effect and
procedure time

The accuracy of combined US and FL-guided injec-
tion can be immediately confirmed on the C-arm image
after contrast injection. For US-guided injection into
the IA space, the accuracy was assessed using shoulder
radiography after the injection. If contrast medium was
observed in the glenohumeral joint space, the injection
was considered to be accurate (Fig. 3).
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Fig. 2. Ultrasound (US)-guided intra-articular (IA) injection techniques. (A) US-guided IA injection with the posterolateral approach. (B) Image of
the US on the shoulder. D, deltoid; IS, infraspinatus; G, glenoid; HH, humeral head. Arrows indicate the needle and arrowhead indicates the needle
tip in the IA space.

Fig. 3. Shoulder posterior-anterior view. (A) Before intra-articular (IA) steroid injection. (B) After IA corticosteroid injection. (C) Leakage of
contrast medium to outside the articular space. Arrows indicate the contrast medium.

The evaluation of the treatment effects of IA injection
was completed a total of three times: before the first
injection and at 2 and 6 weeks after the second injection.
Verbal numeric pain scale (VNS), Shoulder Pain and
Disability Index (SPADI), and pROM were assessed
during treatment efficacy evaluation. All assessments
were performed by one evaluator who was unaware of
patient grouping under supervision.

SPADI is a self-administered assessment tool that
measures pain and disability related to shoulder dis-
ease [8]. It consists of five pain and eight disabil-
ity items, each measured on a visual analogue scale.
The pain and disability subscales are calculated as the
mean of the corresponding items on a 0–100 scale,
with the highest score indicating the most severe pain
and disability. The total score is calculated by sum-
ming the pain and disability subscale scores. SPADI
has been used in previous randomized trials investigat-
ing treatment effects in populations with frozen shoul-

der [19–21]. The psychometric properties of the index
have been tested in patients with shoulder problems, and
the index has been shown to have acceptable validity
for group comparisons [8].

The VNS is an 11-point scale ranging from 0 (“no
pain”) to 10 (“the worst pain possible) [8]. For the VNS
evaluation, the patients were asked to rate their pain on
a scale from 0 to 10 (0 and 10 represented “no pain”
and “the worst pain possible,” respectively), in whole
numbers with 11 integers including zero [8].

ROM was measured by physicians with the patient in
the supine position. A physician assisted the patient to
achieve maximum passive motion, and another physi-
cian measured pROM values in three directions (for-
ward flexion and abduction from neutral position and
external rotation from 45◦ abduction postion) using a
Dualer IQ inclinometer (JTECH Medical, Salt Lake
City, UT, USA).
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Table 1
Characteristics of the participants

Group A Group B p-value
Number 19 20
Sex M2/F17 M4/F16
Age (years) 57.90 ± 9.73 55.65 ± 7.29 0.418
Duration (months) 6.48 ± 3.44 7.85 ± 2.25 0.148
BMI (kg/m2) 23.30 ± 2.73 22.06 ± 2.82 0.093
Lesion side (R/L) 8/11 11/9 0.434

Values are mean±SD. Group A: combined handheld ultrasound-
guided and fluoroscopy-guided intra-articular injection group. Group
B: conventional ultrasound-guided intra-articular injection group.
BMI, body mass index; F, female; L, left; M, male; R, right.

Procedure time was defined as the time interval be-
tween the point of contact of the US probe with the
patient’s skin and the completion of injection.

2.6. Statistical analysis

The purpose of this pilot study is to compare the
therapeutic effects, advantages, and the feasibility for
a further large-scale clinical trial of combined hand-
held ultrasound and fluoroscopy-guided intra-articular
corticosteroid injection with those of conventional ul-
trasound guided steroid injection in adhesive capsulitis
of the shoulder We did not find a suitable reference to
calculate the sample size, but a minimum sample size
of the clinical trial with 20 patients per group is used
instead [22].

An independent t-test was used to compare differ-
ences in participant characteristics and procedure time
between the two groups. Data acquired at the initial
diagnosis of adhesive capsulitis, and those obtained at
2 and 6 weeks after the second injection, were used for
comparisons between the two groups. Comparison of
VNS score, ROM, and SPADI between the two groups
was performed using a normality test of the Shapiro-
Wilk test and a two-way repeated-measures analysis of
variance. A p-value of < 0.05 was set to indicate sta-
tistical significance. Statistical analysis was performed
using IBM SPSS 18. (IBM Corp., Armonk, NY, USA).

3. Results

3.1. General characteristics of patients

Initially, 40 participants were randomly assigned and
divided into two groups. A total of 20 participants were
assigned into group A and the other 20 participants were
assigned into group B. However, one of the participants
in group A had a failed follow-up (Fig. 4). Finally, group

A was composed of 19 patients (2 men, 17 women) with
a mean age of 57.90 years. The mean duration of dis-
ease among group A patients was 6.48 months. Group
B was composed of 20 patients (4 men, 16 women)
with a mean age of 55.65 years. Among the patients of
this group, the mean disease duration was 7.85 months.
No significant differences in the general patient char-
acteristics were observed between the two groups (p >
0.05) (Table 1).

3.2. Change in pain severity according to VNS, SPADI
and ROM in passive movements

The VNS score before IA corticosteroid injection
was 7.08 ± 1.85 in group A and 6.96 ± 0.74 in group
B, with no significant difference. At 2 and 6 weeks after
the procedure, the VNS scores were decreased, with
no significant difference (2.41 ± 1.21 vs. 2.88 ± 0.68,
2.47 ± 1.65 vs. 2.52 ± 0.66). The VNS score between
before injection and at 2 weeks after injection, and that
between before injection and at 6 weeks after injection
were significantly decreased in each group. However,
no significant differences were observed between the
two groups (p > 0.05) (Table 2).

The SPADI scores before injection were 60.23 ±
11.40 and 64.52 ± 10.07 in groups A and B, respec-
tively. At 2 weeks after the final injection, the SPADI
scores were 27.24 ± 9.89 and 30.23 ± 8.96, respec-
tively. After 6 eeks, the SPADI scores were 26.42 ±
8.82 and 28.35 ± 7.96 for groups A and B, respectively.
Significant reductions in SPADI scores were observed
after corticosteroid injection in both groups (p < 0.05).
However, no significant differences were observed be-
tween the two groups (p > 0.05) (Table 2).

After the procedure, pROM showed improvements
in both groups. Significant improvements in ROM for
three types of movements were observed in both groups
at 2 and 6 weeks after the procedure (p < 0.05). There
were no significant differences between the two groups
(p > 0.05) (Table 2).

3.3. Accuracy and procedure time

In all patients of group A, contrast medium was com-
pletely injected into the articular cavity, while three
cases of leakage and injection outside the articular space
were confirmed in group B (Fig. 3). No statistically sig-
nificant difference in injection accuracy was observed
between groups (19/19 (100%) vs. 17/20 (85%), p >
0.05). No significant difference in the time needed for
the injection procedure was observed between groups
(540.65 ± 18.08 vs. 480.32 ± 25.73 sec, p > 0.05).



906 K.D. Park et al. / Usefulness of combined handheld ultrasound and fluoroscopy-guided injection

Table 2
Comparison of the effect of intra-articular corticosteroid injections on VNS, SPADI, and pROM

Group
Before steroid

injections
2 wks. after
2nd injection

6 wks. after
2nd injection

VNS A 7.08 ± 1.85 2.41 ± 1.21∗ 2.47 ± 1.65∗

B 6.96 ± 0.74 2.88 ± 0.68∗ 2.52 ± 0.66∗,‡

SPADI A 60.23 ± 11.40 27.24 ± 9.89∗ 26.42 ± 8.82∗

B 64.52 ± 10.07 30.23 ± 8.96∗ 28.35 ± 7.96∗,‡

pROM
FL A 131.58 ± 17.00 150.79 ± 11.33∗ 154.74 ± 11.48∗,‡

B 126.25 ± 10.50 148.25 ± 8.93∗ 151.50 ± 10.65∗

AB A 106.32 ± 28.96 138.16 ± 18.04∗ 139.74 ± 13.43∗

B 100.25 ± 11.06 131.75 ± 10.16∗ 133.25 ± 2.33∗

ER A 48.95 ± 23.43 69.21 ± 14.84∗ 70.53 ± 13.11∗

B 43.50 ± 8.75 64.00 ± 8.68∗ 65.25 ± 7.52∗

Values are mean±SD. Group A: combined handheld ultrasound-guided and fluoroscopy-guided
intra-articular injection group. Group B: conventional ultrasound-guided intra-articular injection
group. AB, abduction; ER, external rotation; FL, flexion; pROM: passive range of motion; SPADI,
Shoulder Pain and Disability Index; VNS, visual numeric scale; wks: weeks. ∗p < 0.05: before vs.
after injection. †p < 0.05: group A vs. group B. ‡p < 0.05: 2 wks. after 2nd injection vs. 6 wks.
after 2nd injection.

Fig. 4. Design and flow of participants in the study. FL, fluoroscopy; IA, intra-articular; US, ultrasound; VNS, verbal numeric pain scale; SPADI,
shoulder pain and disability index; pROM, passive range of motion.
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3.4. Complications

No severe complications, such as vasovagal syncope,
allergic reactions, steroid-associated infection, adipose
tissue atrophy, or toxic reactions including dizziness,
were observed after injections in both groups.

4. Discussion

Adhesive capsulitis commonly affects about 2–3%
of the general population and up to 5% in certain
populations [4,23,24]. Adhesive capsulitis can occur
as a primary or secondary disorder. Primary adhesive
capsulitis can occur spontaneously. Secondary adhe-
sive capsulitis is often observed after shoulder joint
fracture-dislocation, arm fracture, or other severe joint
trauma [25].

IA corticosteroid injection has been reported to have
greater efficacy than oral administration of steroids
in the treatment of adhesive capsulitis [5]. Hettrich et
al. [4] showed that IA corticosteroid injection is effec-
tive in decreasing fibromatosis and myofibroblast num-
bers in capsular tissue. Other studies have also reported
improvements in pain and ROM after IA corticosteroid
injection [6,7]. In IA corticosteroid injection, the accu-
racy of the injection is the key factor that determines
the inflammation-reducing effect [26,27]. As accurate
injection into the desired site is crucial for ensuring
the therapeutic effect, guidance using several modali-
ties can enhance the efficacy of corticosteroid injection
treatment. US guidance is one of the modalities that can
be utilized in IA corticosteroid injection. Previous stud-
ies have shown that US guidance can be utilized in the
treatment of adhesive capsulitis of the shoulder [1,8].

US is an excellent visualization tool that avoids vul-
nerable structures such as nerves and vessels during
injection, whereas contrast FL can only detect when
the tip of the needle is at the target point. It should be
kept in mind that FL may not be able to detect that
the needle has already traversed a vessel on its way
to the target, whereas US can avoid this problem [28].
Therefore, if both methods are used simultaneously,
patient safety and more accurate injection can be guar-
anteed than by injection with each method alone. Some
studies on the use of the combined US and FL-guided
injection method for detecting renal abscess, for kid-
ney biopsy, and for the treatment of musculoskeletal
disorders have been recently; however, data are still
insufficient [29–32].

In US-guided IA shoulder injection with a posterior
approach, the direction of the needle tip can be checked

in real time. After the needle is positioned at the target
point, the drug can be injected into the IA space; how-
ever, because a contrast agent is not used, it is difficult
to directly check the accuracy of the injection into the
joint cavity. Moreover, obese patients have a disadvan-
tage in that it is difficult to check the needle tip position
on the US image, and, when injected, the drug may flow
out of the joint cavity, causing some adverse effects.
The FL-guided injection method has the advantage of
using a contrast agent to ensure the accurate injection
of the drug into the joint cavity; however, it is costly,
bulky, and exposes the patient and clinician to ionizing
radiation. A risk of damage to the major structures in
the path of needle progression also exist.

If the two methods are used simultaneously, criti-
cal structures can be avoided in the injection process,
needles can be placed at the target point, and the accu-
rate injection of the drug can be detected with contrast
medium use. Furthermore, despite the risk of radiation
exposure, the amount of irradiation may be smaller than
when using FL alone. The disadvantages of using both
methods simultaneously are that both the FL and US
equipment are bulky. Thus, in this study, the spatial
constraints were reduced through the use of handheld
US.

Cases of injection failure in group B included not
only a direct extra-articular space injection but also
cases in which the nonionic contrast medium was vis-
ible in bursal layers because of drug leakage after an
IA injection. In total, there were three failed cases: In
all three cases, all injections were accurately performed
on the targeted site, joint capsular distension was con-
firmed during injection and capsular rupture was not
observed. These failures were primarily attributed to
technical problems, not to patient factors. The causes of
such failures were the following: (1) potential cases in
which the position of needle in the course of injection
could not be identified, such that the needle used for
the procedure could be easily misaligned because of the
narrow beam of US to the extent of 1 mm, and (2) the
needles may not have been fixed correctly because a
freehand technique was used in this study.

Intraarticular corticosteroid injection failure such as
extraarticular space leakage can cause temporary in-
creases in pain, skin atrophy, depigmentation, and sep-
tic arthritis as well as deleterious effects on tendon de-
generation and even tendon ruptures [33]. Although
there were no statistical significance, three extraarticu-
lar leakage injection cases were observed in group B.
Accurate intraarticular injection is essential to ensure
safety of procedure, and this can be made by use of



908 K.D. Park et al. / Usefulness of combined handheld ultrasound and fluoroscopy-guided injection

assistant modalities such as US. Studies have been re-
ported about advantages and safety for combined US
and FL guidance injection technique for the treatment
of musculoskeletal pain through complementing each
method’s weakness [34,35].

Many previous studies have reported the applicability
of handheld US in diagnosing diseases in many sub-
fields of medicine. Tse et al. [16] compared the per-
formance of a handheld US device against the conven-
tional US device in terms of image quality in common
abdominal pathologies. In their study, the handheld US
device showed satisfactory imaging quality and proved
to be useful in emergency screening or general screen-
ing of abdominal organ pathologies. In the field of mus-
culoskeletal diseases, we expect that a handheld de-
vice would not be inferior to a conventional device and
would be more convenient in diagnosing and treating
both outpatients and inpatients. Moreover, we were set
on the idea of using a handheld device for US guidance
in the treatment of adhesive capsulitis, specifically with
IA corticosteroid injection.

After injections, both groups showed significant im-
provements in pain severity and ROM. The differences
in VNS and ROM between 2 and 6 weeks after the
second injection were significantly lower than when
they were compared with the initial assessment. How-
ever, the efficacy of treatment showed no significant
differences between group A (combined handheld US
and FL) and group B (conventional US). Moreover, in
group A, the effect of flexion continued until 6 weeks
after the last injection and was more effective than after
2 weeks. In group B, the effect continued for 6 weeks
after injection, and the SPADI and VNS score were
also significantly different between 2 and 6 weeks after
injection. These results imply that both groups showed
attenuated symptoms of adhesive capsulitis and that the
corticosteroid injection treatment was effective, which
suggests that handheld US under FL is not inferior to
FL

The time consumed for the whole procedure was
compared between groups A and B. The whole injection
procedure took about 9 min in group A and about 8 min
in group B. The combined method requires additional
time to check the FL image after the injection; however,
no statistical differences were observed. Although the
combined method may take longer than US guidance
alone, it is recommended as a safe method because it
can help reduce the complications caused by leakage
of drugs out of joint spaces through contrast medium
detection and has lower radiation exposure than with
using FL alone.

4.1. Limitations

One of the limitations of this study was the small
sample size in each group. Only 19 and 20 patients were
included in groups A and B, respectively. The short
follow-up period was also a limitation. Subsequent stud-
ies with larger numbers of participants and with longer
follow-up periods should be conducted to thoroughly
evaluate the outcomes of US-guided IA steroid injec-
tion in the treatment of adhesive capsulitis. Moreover,
operators should conduct handheld US- and conven-
tional US-guided methods to determine which of the
two devices is more convenient to use. A wide range
of operators, from less skilled to well trained, should
be surveyed in investigating the convenience of use of
US devices and the operator satisfaction in using each
device We checked whether participants were doing the
prescribed exercise properly during outpatient visits but
did not check the compliance by quantifying it. This
could be a bias in treatment efficacy.

5. Conclusion

The results of this study showed no statistical differ-
ences in treatment efficacy between the combined use
of handheld US and FL and the use of conventional US
alone during shoulder IA corticosteroid injection. Fur-
thermore, the combined use of US and FL can increase
the accuracy of injection compared with conventional
US alone.
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