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ABSTRACT

Introduction: Frozen shoulder is a very com-
mon musculoskeletal condition and the evi-
dence related to the additional effects of
extracorporeal shockwave therapy (ESWT) with
intra-articular (IA) lidocaine injection in indi-
viduals with frozen shoulder is rare. Therefore,
this study aims to compare and investigate the
additional effects of extracorporeal shockwave
therapy (ESWT) with intra-articular (IA) lido-
caine injection in a frozen shoulder.

Methods: Sixty eligible participants with frozen
shoulder were included and the active group
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(n =30, age 52.12 + 5.2 years) received a lido-
caine injection (1% lidocaine (Xylocaine) and
2cc (80 mg) methylprednisolone acetate) with
active ESWT (3.5 bar air pressure and 2000
pulses with an energy flux density (EFD) % 0.16
mJ/mm?) three sessions a week for 4 weeks. The
placebo group (n =30, age 53.56 + 5.5 years)
received lidocaine injection with placebo treat-
ment (a special head that blocked the shock
waves) three sessions a week for 4 weeks. Both
groups received progressive resistance exercises
(PRE) to the shoulder muscles. The primary
outcome was pain intensity, measured with the
visual analogue scale. The other outcome mea-
sures were the thickness of the coracohumeral
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ligament (CHL) measured by magnetic reso-
nance imaging (MRI), abduction, and lateral
rotation range of motion (ROM), functional
disability, kinesiophobia, depression status, and
quality of life. Participants were assessed at
baseline, after 4 weeks, 8 weeks, and at 6-month
follow-up.

Results: The post-intervention at 4 weeks
showed an improvement of 2.0 (CI 95%
1.71-2.28) in the active group compared to the
placebo group. Similar effects were noted after 8
weeks (2.2) (CI 95% 1.91-2.48) and at the
6-month (1.9) (CI 95% 1.61-2.18) follow-up.
Similar improvements were also found in the
thickness of the CHL ligament (0.6) (CI 95%
0.46-0.73), abduction and lateral rotation
(ROM) (-23.6) (CI 95% -27.47 to -19.72),
(- 18.10) (CI1 95% - 19.72 to — 16.47), functional
disability (16.2) (CI 95% 14.85-17.54), kinesio-
phobia (11.0 (CI 95% 10.21-11.98), depression
status (4.4) (CI 95% 4.03-4.76) and quality of
life (0.9) (CI 95% 0.79-1.00) (p = 0.001) at the
6-month follow-up period, where mean esti-
mates and their confidence intervals all inclu-
ded worthwhile effects. There were no adverse
reactions or side effects noted in either the
active or placebo groups during and after the
treatment.

Conclusions: The study concluded that the
addition of extracorporeal shockwave therapy
after  intra-articular  lidocaine injection
improves pain, functional disability, range of
motion, kinesiophobia, depression status, and
quality of life in people with frozen shoulder.
Trial Registration: https://ctri.nic.in, identi-
fier; CTRI/2020/04/024834 prospectively regis-
tered on 24/04/2020.

Keywords: Extracorporeal shockwave therapy;
Frozen shoulder; Lidocaine; MRI; Randomized
controlled trial

Key Summary Points

The outcome of this study found the effect
of lidocaine injection combined with
active extracorporeal shockwave therapy
in frozen shoulder patients.

The outcome of this study found the effect
of lidocaine injection combined with
placebo extracorporeal shockwave therapy
in frozen shoulder patients.

The outcome of this study found
differences in patient-centred outcomes
between lidocaine injection combined
with active extracorporeal shockwave
therapy versus lidocaine injection
combined with placebo extracorporeal
shockwave therapy in frozen shoulder
patients.

This study provided better knowledge
about this condition and gives clinical
evidence for selecting the proper
rehabilitation procedure in frozen
shoulder patients.

INTRODUCTION

Frozen shoulder is a very common muscu-
loskeletal condition in the upper extremity
characterized by gradual and progressive pain in
and around the shoulder joint [1]. The pattern
of restriction is characterized by a more pro-
nounced limitation in lateral rotation, followed
by restrictions in abduction and flexion. Studies
show that the incidence of frozen shoulder is
3-5% for the general public and usually resolves
within 12 months [2]. The exact etiology and
the mechanism of frozen shoulder are idio-
pathic and not yet defined [2, 3]. Clinically, it is
divided into three phases: the painful phase, the
stiffening phase, and the thawing phase [4].
Generally, acute patients are treated with
physiotherapy, painkillers, muscle relaxants,
nonsteroidal anti-inflammatory drugs (NSAIDs),
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intra-articular steroid injections, and hydrodi-
latation techniques [5-7]. In chronic cases,
manipulation under general anesthesia (MUA)
and surgical interventions such as capsular
release and arthroscopic correction procedures
were performed [8, 9]. In physiotherapy, differ-
ent approaches like thermotherapy, ultrasound,
extracorporeal shockwave therapy (ESWT),
interferential therapy (IFT), and different ther-
apeutic exercises have been used [10-12].

Generally, the medical and surgical treat-
ment will not solve the real pathology of the
disease and has a possibility of drug reactions.
Also, these are expensive treatment procedures,
and not agreed to by most patients [13, 14].
However, the local administration of intra-ar-
ticular lidocaine injection in the specific painful
region is commonly used to treat this problem.
It alters the release of endogenous substances
and inhibits the formation of collagen fibers,
extracellular matrix (ECM), and granulation
tissue [15]. Nevertheless, lidocaine injections
are discouraged by many clinicians because of
the high recurrence rate and short-term effects
[16]. From a clinical perspective, orthopedic
surgeons encourage the application of intra-ar-
ticular lidocaine injection followed by physio-
therapy, and believe this is a better approach to
treating the affected structures [6, 17]. However,
the recent literature on these combined inter-
ventions shows contradictory results in
improving pain and functional activities in
treating frozen shoulder [18].

Physiotherapy interventions offered for fro-
zen shoulder include hydrocolloid packs, infra-
red radiation, shortwave diathermy, ultrasound,
laser, and physical exercises [19]. Extracorporeal
shockwave therapy (ESWT) is one of the most
successful treatment modalities used in physical
therapy. It is a non-invasive treatment in which
high-amplitude soundwaves are applied to the
required part of the body. It is an effective
method for stimulating tissue healing by stim-
ulating fibroblast proliferation and differentia-
tion into myofibroblasts. It enhances soft tissue
healing, increases local blood circulation, facil-
itates the inflammatory-mediated healing pro-
cess, and increases the flexibility of collagen
fibers in the affected region [20].

Frozen shoulder can mimic other shoulder
conditions such as Dbicipital tendinitis,
supraspinatus tendinitis, rotator cuff tear, and
acromioclavicular joint arthritis. Recent studies
have shown that magnetic resonance imaging
(MRI) can be used to find the thickening of the
coracohumeral ligament (CHL) and joint cap-
sule and the obliteration of fat under the cora-
coid process in frozen shoulder [21]. Therefore,
along with regular investigation procedures,
there is a need to find the MRI changes after
lidocaine injection with shockwave therapy in
frozen shoulder. So far, no studies have been
conducted to find the additional effects (clinical
and radiological changes) of ESWT after lido-
caine injection in treating frozen shoulder.
Therefore, this study aims to compare and
investigate the additional effects (clinical (pain
intensity) and radiological changes, MRI) of
ESWT after lidocaine injection in treating a
frozen shoulder. Radiological analysis through
MRI will provide the changes in the soft tissues,
which will provide sound evidence for the
therapists and clinicians to select an optimum
intervention for a frozen shoulder.

METHOD

Design, Setting, and Participants

This trial was a prospectively registered, ran-
domized, placebo-controlled trial conducted at
the Department of Physical Therapy, Prince
Sattam bin Abdulaziz University, Al Kharj, Saudi
Arabia. Participants were recruited between May
1, 2020 and Jan 31, 2023. The uniqueness of
this study is its methodology, which is more
comprehensive and understandable. This study
was designed and conducted according to the
principles of the Declaration of Helsinki 1964
and its later amendments. The study has been
approved by the Department Ethics Committee
(DEC) with an ethical approval number RHPT/
020/013. Written informed consent was
obtained from all the study participants as per
the ethical guidelines. The study was registered
prospectively in a trial registry with reference
number CTRI/2020/04/024834 on 24/04/2020.
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An orthopedic surgeon with 20 years of
clinical experience had diagnosed the frozen
shoulder (International Classification of Dis-
eases 10th revision [ICD-10] group M75.1-
M75.8, M19.8) patients as per the frozen
shoulder diagnosing criteria recommended by
American Orthopedic Association (AOA) [1].
Participants that were between 18 and 60 years
of age, had pain intensity of 3-8 on the visual
analogue scale (VAS), and pain duration of 4-12
months (stiffening stage—pain starts to subside,
progressive loss of glenohumeral motion in the
capsular pattern) were chosen to participate in
the study. Excluded from the study were any
participants with prior steroid injection ther-
apy, associated neck or arm pain, glenohumeral
osteoarthritis, severe musculoskeletal, neural
(Parkinson’s disease), cardiovascular (heart dis-
ease and stroke) somatic and psychiatric prob-
lems, metabolic diseases, waiting for any
surgery, having medications, alcohol or drug
abuse, or involved in any weight training pro-
grams. In addition, participants with other soft
tissue injuries, fractures at the upper limb, or
those that were immobilized for a prolonged
period were also excluded from the study.

All participants received a rehabilitation
referral letter from the referring hospital to
participate in the trial. They also received a
study pamphlet detailing the procedure for
participating in the study. After signing the
written informed consent form, participants
were randomized through a computer-gener-
ated randomization method and allocated into
two groups: lidocaine injection with ESWT—
Active group (n = 30, age 52.12 + 5.2, male-14,
female-16) and lidocaine injection with ESWT—
Placebo group (n = 30, age 53.56 + 5.5, male-
13, female-17). Participants were allocated by a
physiotherapy assistant through an on-site
computer system in which allocation was con-
cealed. The person enrolling the participants
should ideally not be the same person generat-
ing the sequence to prevent manipulation. Each
participant’s group allocation was only
informed to the treating therapist immediately
before the first intervention. The participants
were not aware of which treatment they were
receiving (blind participants); however, they
were informed that they would receive one of

the two interventions. Due to the nature of the
interventions, it was not possible to blind the
therapist who treated the patients. Both groups
received the concerned intervention for a per-
iod of three sessions per week for 4 weeks. The
primary and secondary outcome measures were
collected by a blinded therapist at baseline after
4 weeks, 8 weeks, and at 6 months of follow-up
and the methods were followed as per our pre-
vious study [22].

Interventions

Lidocaine Injection

An orthopedic surgeon conducted a regular
physical and orthopedic examination before the
administration of the injection. All the partici-
pants were treated with a posterior approach
intra-articular injection containing a mixture of
5 cc of 1% lidocaine (Xylocaine) and 2 cc (80
mg) methylprednisolone acetate (Depo-Medrol)
injected at a 90° angle via a sterile 18-gauge
spinal needle [23]. They were asked to rest and
not engage in strenuous activities for 1 week
following the injection, even if they experi-
enced pain relief. Any adverse consequences
such as allergic reactions, nausea, vomiting, and
unusual tiredness and weakness were noted and
treated by the treating doctor.

Physical Therapy

One week after receiving the injection therapy,
all the participants were allowed to take physi-
cal therapy interventions by a licensed physical
therapist with 15 years of clinical experience in
treating shoulder conditions. Participants in
both groups received physical therapy treat-
ment for three sessions per week for 4 weeks and
each session lasted for 30-40 min. To avoid
intervention bias, a fixed physiotherapy proto-
col (Fig. 1 Permission from the patient has been
received) was prepared.

Initially, the calibration of the ESWT (Zim-
mer, enPuls Version 2.0, Junkersstrabe, Ger-
many) was done by an expert to obtain better
and more consistent output from the device. In
the active ESWT group, the participant was
asked to sit with the shoulder passively abduc-
ted at 80°, the elbow flexed at 90°, and the
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Hold the Thera band with arm at the side and
pull forward and up.

Hold the Thera band with arm forward and
pull arm back with elbow straight.

Hold the Thera band in hand, elbow at side
and forearm across the body. Rotate the
forearm outside.

Hold the Thera band in hand, elbow at side
and forearm out. Rotate forearm in across the
body.

Hold the Thera band across the body. Pull up
and away from the side.

Hold the Thera band with arm outside. Pull
arm toward opposite side hip joint.

Fig. 1 Fixed physiotherapy protocol
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forearm rested on a flat surface. The treatment
started with 250 “warm up” pulses at 1.5 bar of
air pressure, which accommodates the partici-
pant for the radial ESWT treatment. Once the
patient was comfortable with the treatment, the
air pressure was increased to 3.5 bar and 2000
pulses with an energy flux density (EFD) ' 0.16
mJ/mm?, and the impulses were applied with a
15-mm applicator at a frequency of 8 Hz of dose
and were administered in two shoulder regions.
The first 1000 impulses were applied in an
anterior-to-posterior direction at the anterior
shoulder joint, and the upper margin of the
treatment zone was about one finger’s breadth
lateral to the coracoid process (Fig. 2a). The
remaining 1000 impulses of the total 2000
impulses per session were applied in a posterior-
to-anterior direction on the posterior side of the
shoulder joint located beneath the lateral bor-
der of the scapular spine (Fig. 2b) [20]. For the
placebo group, the same set of treatments was
provided but in providing ESWT, a special head
that blocked the shockwaves from occurring
was used but it was indistinguishable to the
study participants.

Progressive resistance exercises (PRE) (Fig. 1)
were prescribed with a Thera band (THERA-
BAND, Akron, OH, USA) for the shoulder mus-
cles based on the assessment of individual
muscles and personally tailored. Initially, the
painful movements are trained with minimal
resistance and then progress to the next level of
resistance for the other joint movements. The
therapist selected the exercise parameters (in-
tensity, frequency, and duration) in every
treatment session purely based on the individ-
ual capacities without exaggerating the symp-
toms. Throughout the treatment session, the
participants were instructed to follow the cor-
rect form and posture to facilitate healing [24].
The patients were instructed to perform the
home exercises daily during the 4 weeks of
intervention and after 4 weeks of intervention
[pendulum exercise, cane exercises (up, back,
and out), wall slides (forward and side) three
times 30 repetitions] and isolated stretching of
shoulder muscles (shoulder stretch, towel
stretch, chest stretch, inferior capsule stretch
and sleeper stretch three times daily for 30 s).
The treatment adherence at home was

Fig. 2 a Application of ESWT in the anterior compart-
ment of the shoulder. b Application of ESWT in posterior
compartment of the shoulder

monitored by a treating therapist by checking
the exercise logbook and frequent contact with
the patient through the WhatsApp application.

Outcome Measures

Pain intensity was measured with a visual ana-
logue scale (VAS) and the participant was asked
to note the perceived pain intensity on the
10-cm point scale, where scores ranged from 'no
pain’ (0) to 'worst imaginable pain’ (10). VAS is
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considered a moderate-to-good (r = 0.60-0.77)
reliable tool for measuring pain intensity in
frozen shoulder patients. [25]

Magnetic resonance imaging (MRI) has been
established as a reliable and valid assessment
tool for measuring the thickening of coraco-
humeral ligaments in frozen shoulder patients.
It was performed with a 3.0-T MR unit (Siemens
Medical Solutions, Germany) with a phased-ar-
ray surface coil (Philips, Netherlands) centered
over the glenohumeral joint and strapped in
place. The arm position was standardized, with
the thumb pointing upward in a neutral posi-
tion. In the sagittal oblique plane, parallel to
the glenohumeral joint (550/15, 3-mm section
thickness, 0.3-mm intersection gap, 1,806,180-
mm field of view, 5,126,512 matrix size) T1-
weighted sections were taken. [26]

Range of motion Shoulder abduction and lat-
eral rotation were measured with a universal
goniometer. The goniometric passive ROM
measurements for the shoulder appear to be
highly reliable when taken by the same physical
therapist, regardless of the size of the
goniometer used [27].

Functional disability The Disabilities of the
Arm, Shoulder and Hand questionnaire (Quick-
DASH) was used to measure the upper limb
physical disabilities and symptoms in frozen
shoulder. It contains 11 items, which are mea-
sured in a five-point Likert scale and summa-
rized into a total score from O ‘no disability’ to
100 ‘most severe disability. The Quick-DASH
has adequate reliability, validity, and the ability
to measure changes in disability among people
with shoulder problems [28].

Kinesiophobia The Tampa Scale for Kinesio-
phobia-adjusted version (TSK-AV) was used to
measure the status of fear of injury. The scale
consists of 13 items, which are marked on a
four-point Likert scale (strongly disagree, dis-
agree, agree, strongly agree). Getting a maxi-
mum score indicates more fear of injury and less
score such as 13 indicates less fear of injury. The
scale shows a high level of test-retest reliability
(ICC = 0.887) and moderate validity [29].

Depression The Hospital Anxiety and
Depression Scale (HADS) was used to measure

the depression status of frozen shoulder
patients. It consists of seven items each for
depression and anxiety subscales. Scoring for
each item ranges from O to 3, with 3 denoting
the highest anxiety or depression level. A total
subscale score of > 8 points out of a possible 21
denotes considerable symptoms of anxiety or
depression. It is an acceptable, reliable, and
valid practical tool for measuring anxiety and
depression [30].

Quality of life The EuroQol EQ-5D was used to
measure the health-related quality of life,
expressed as utility values ranging from 1 to 3,
where 1 represents perfect health. The five
domains of mobility, self-care, usual activities,
pain or discomfort, and anxiety or depression
were measured [31].

Statistical Analysis

With a power of 0.8 and a significance level of
0.05, at least 30 participants were needed to be
included in each treatment arm (60 participants
in total) to detect a clinically important mean
difference between groups of 2 points on the
VAS scores at 6 months, when assuming a
standard deviation of 0.8 points and consider-
ing a 10% drop to follow-up. For other out-
comes, we considered a between-group
difference of 10% of the outcome measure’s
scale to be clinically worthwhile.

The data analysis was performed by a statis-
tician who did not participate in the recruit-
ment, evaluation, and treatment aspects of the
study. The study homogeneity was analyzed
through the Kolmogorov-Smirnov test. The
data analysis was performed on an intention-to-
treat analysis, in which the missing data were
assumed to be included in the analysis. For the
missing data, results obtained in the last avail-
able assessment of each participant were repe-
ated. The time and group (4 x 2) linear mixed
model (LMM) of all the outcome variables
between active and placebo groups at baseline,
4 weeks, 8 weeks, and at 6 months of follow-up
was performed and the analysis proceeded
stepwise, with initial unadjusted covariates such
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as age, gender, duration of pain, stage charac-
teristics, medication use, and occupation, etc.
Multivariate logistic regression was used to test
for heterogeneity between groups, and the
maximum likelihood and least squares exam-
ined the standard error of each of the parameter
estimators. The mean difference (MD) and 95%
confidence interval (CI) were also calculated for
each between-group comparison. The statistical
analyses were processed using commercial sta-
tistical software (IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY, IBM Corp)
and a level of significance of p < 0.05 was
adopted for all tests.

RESULTS

Compliance with the Trial Protocol

The study recruitment reached the minimum
sample size calculation. Almost 50% of the
screened participants met the eligibility criteria
and were included in the study trial. All of the
outcome measures in the registered protocol
were reported and no other outcomes were
measured or reported and the treatment com-
pliance rate was 100%.

Flow of Participants

Initially, a total of 114 patients were assessed for
eligibility to participate, of whom 15 had the
experience of previous physical therapy inter-
ventions, 12 had other systemic problems, nine
had other shoulder problems, six had under-
gone some sort of joint surgery, and 12 were not
willing to participate in the study. Therefore, 60
participants met the selection criteria and were
included in the study and the flow of the par-
ticipants in the study is shown in Fig. 3. Two
participants each from the active and placebo
group did not complete the 6-month follow-up
period due to personal reasons and time
constraints.

Covariates such as the baseline demographic
and clinical characteristics of the patients were
analyzed through the Kolmogorov-Smirnov test
and the scores are shown in Table 1. The mean

age + standard deviation (SD) for the active
group (52.12 £5.2) and placebo group
(53.56 £5.5) did not show any difference
(p = 0.301). Regarding gender, 27 males (45%)
and 33 females (55%) were included, which
shows a higher percentage of females in the
active and placebo treatment groups. There was
no statistically significant difference in the
height (p = 0.830) and weight (p = 0.781) mea-
surements between the groups. The data show
that the non-dominant side and the left side are
involved more in the study groups. Concerning
previous episodes of pain, 18.33% (n = 11) of
patients complained of previous episodes of
pain in both groups. The mean duration of pain
for the active group was 8.2 £ 2.6 months and
for the placebo group was 7.8 £ 2.8 months,
with no significant difference between the
groups (p = 0.568). An analysis of the employ-
ment history of 60 patients showed that 73.33%
(n = 44) were involved in manual work, 18.33%
(n =11) were involved in non-manual work,
and 8.33% (n = 5) were not doing any work.

Effects of the Intervention

Primary and Secondary Outcomes
The time and group (4 x 2) linear mixed model
(LMM) of the primary variable (pain intensity,
VAS) reports a statistically significant difference
(p < 0.001) between active and placebo groups
at baseline, 4 weeks, 8 weeks, and at 6 months
of follow-up. The post-intervention at 4 weeks
shows an improvement of 2.0 (CI 95%
1.71-2.28) in the active group than the placebo
group. Similar effects have been noted after 8§
weeks (2.2) (CI 95% 1.91-2.48) and at 6 months
(1.9) (CI 95% 1.61-2.18) of follow-up. The
scores show significant changes (p < 0.001) in
the active group than the placebo group, which
is presented in Tables 2, 3 and 4. The effect size
of pain intensity (d = 0.90) shows a larger effect
in the active group than in the placebo group.
The time and group (4 x 2) linear mixed
model (LMM) of other secondary variables (MRI
T2 sagittal section, range of motion (abduction
and lateral rotation), functional disability,
kinesiophobia, depression and quality of life)
report statistically significant differences
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|Enrollment| Assesed for Eligibility
N=114
xcluded:
revious physical therapy interventions =
15
ther systemic problems = 12
houlder joint problems = 9
|q llocatio I Measured baseline primary and secondary outcome
variables
Random Sampling n = 60
—_—
Active group (n = 30) Placebo group (n=30)
5cc of 1% lidocaine HCI (xylocain) an . s .
) 5cc of 1% lidocaine HCI (xylocain) and 2cd
pcc (80 mg) methylprednisolone acetat 80 mg) methylprednisolone acetate
depomedrol) with active ESWT (200 depomedrol) with placebo ESWT (Al
B:lls%s I‘thhn?ﬁrfgg &y ﬂgﬁ dden;rlct)};r(e}ils:i? special head that blocked the shock waves
i by . = lind progressive resistance exercise (PRE
;e’:iesllafl(l)cre“e;ickl:e (PRE) three sessions three sescsions a week for 4 weeks.
i I
4 weeks 4 weeks
n=30 n=30
I 1
8 weeks 8 weeks
n=29 n=29
Drop out= 1 Drop out =1
(Personal reason = 1) (Time restriction = 1)
6 months 6 months
n=28 n=28
Drop out=1 Drop out=1
(Personal reason = 1) (Personal reason = 1
ESWT — Extracorporeal shock wave therapy
Fig. 3 Flow of study participants in the active and placebo groups
(p = 0.001) between the active group and pla- (CI 95% 14.85-17.54), 11.0 (CI 95%

cebo group at baseline, 4 weeks, 8 weeks, and at
6 months of follow-up. The post-intervention at
4 weeks shows improvement 0.2 (CI 95%
0.06-0.33), - 15.5 (CI1 95% - 19.36 to - 11.63), -
6.6 (CI 95% - 8.20 to - 4.99), 17.10 (CI 95%
15.75-18.44), 8.5 (CI 95% 7.61-9.38), 2.2 (CI
95% 1.83-2.56) and 0.3 (CI 95% 0.19-0.40) in
the active group than the placebo group in the
MRI T2 sagittal section, range of motion (ab-
duction and lateral rotation), functional dis-
ability, kinesiophobia, depression status, and
quality of life, respectively. Similar effects have
been noted after 8 weeks and at 6 months 0.6
(CI 95% 0.46-0.73), -23.6 (CI 95% — 27.47 to -
19.72), - 18.10 (CI 95% - 19.72 to — 16.47), 16.2

10.21-11.98), 4.4 (CI 95% 4.03-4.76) and 0.9
(CI 95% 0.79-1.00) follow-up period. The cor-
rected Bonferroni post hoc scores show signifi-
cant changes (p = 0.001) in the active group
than the placebo group, which is presented in
Tables 2, 3, and 4. The effect size of MRI T2
sagittal section (d = 0.84), abduction (d = 0.65),
lateral rotation (d = 0.83), functional disability
(d = 0.97), kinesiophobia (d = 0.96), depression
status (d = 0.96) and quality of life (d = 0.93)
shows a larger effect in the active group than in
the placebo group, which is shown in Fig. 4.
However, the reports show clinically significant
changes in patient healthcare outcomes.
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Table 1 Demographic and clinical characters of active and placebo groups

St. no Variable Active (# = 30) Placebo (n = 30)  value
1 Age (years) 52,12 + 52 53.56 + 5.5 0.301
2 Gender
Male 14 (47%) 13 (43%)
Female 16 (53%) 17 (57%)
3 Height (m) 1.67 £+ 0.17 1.68 + 0.19 0.830
4 Weight (kg) 728 £ 53 732 £ 58 0.781
5 Side involved (%)
Right side 25 (83%) 26 (87%) :
Left side 4 (13%) 3 (10%) ;
Bilateral 1 (3%) 1 (3%) -
6 Dominant side (%)
Dominant = Right 3 (10%) 4 (13%) -
Dominant = Left 27 (90%) 26 (87%) ;
7 Previous episodes of pain, N (%) 5/30 (17%) 6/30 (20%) -
8 Duration of pain (months) 82 + 2.6 78 + 2.8 0.568
9 Employment

Manual work
Non-manual work

Not working

23/30 (77%)
5/30 (17%)
2/30 (6%)

21/30 (70%)
6/30 (20%)
3/30 (10%)

Adverse Events with the Study
Intervention

There were no adverse reactions or side effects
noted in either the active or placebo groups
during and after the treatment.

DISCUSSION

This trial has been executed with the specific
objective of finding the additional effects of
ESWT after the administration of intra-articular
lidocaine injection in patients with frozen
shoulder joints and the data are reported sub-
sequently. The report shows that participants in
the active group showed  significant

improvement compared to the placebo group at
various intervals in primary (MCID = 2.1) and
secondary outcome variables. At the same time,
the placebo group also showed a statistically
significant improvement over time across all the
outcome variables. Hence, the changes noted in
our study between these groups found that the
problem itself heals spontaneously without any
specific treatment.

A study by Rymaruk S et al. investigated that
the intra-articular (IA) lidocaine injection
improved the pain intensity and functional
range of motion of frozen shoulder patients
when compared to patients who did not receive
IA injection treatment. In addition, intra-artic-
ular injection therapy has been observed to be
preferable over manipulation under anesthesia
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Table 2 Pre- and post-primary and secondary outcome measures of active and placebo groups

Sr. no  Variable Duration  Active Placebo Group X Time
1 Pain intensity, VAS (0-10 cm) Baseline 73 £ 12 74+ 13  p=0.001*
4 weeks 3.0+ 09 5.1 £ 1.1
8 weeks 15+ 06 3.8 £ 09
6 months 0.9 £+ 0.08 3.0+ 0.7
2 MRI T2 sagittal section Baseline 43 + 0.5 44+ 06 p=0.001*
(Thickness, mm) 4 weeks 40 £ 04 43 £ 05
8 weeks 35+ 03 41+ 04
6 months 31+01 3.8 + 0.3
3 Range of motion (ROM) abduction (degree)  Baseline 97.2 + 89 979 £9.0 p=0.001*

4 weeks 120.1 &£ 11.1 1053 £ 94
8 weeks 1362 £ 12.8 1143 £ 10.2
6 months  152.1 £+ 148 1292 £ 11.3
4 Range of motion (ROM) Baseline 332430  334+31 p=0000"
Lateral rotation (degree) 4 weeks 438 + 4.1 374 + 34
8 weeks 574 + 5.8 423 £ 44
6 months 692 £+ 6.7 513 + 5.0
5 Functional disability Bascline ~ 726+ 63 731459  p=0001"
Q-DASH (0-100) 4 weeks 347 £ 38 523 + 49
8 weeks 175 £ 1.8 38.5 £ 3.5
6 months 7.9 £ 08 24.6 £ 2.5

6 Kinesiophobia (TSK-AV) Baseline 473 + 3.8 468 £34  p=0.001*
4 weeks 282 £29 362 + 2.8
8 weeks 17.8 + 3.1 263 £ 2.1

6 months 72+ 1.1 17.8 £ 1.8

7 Depression Baseline 168 £ 1.8 163 £ 16 p=0.001*
(HADS) 4 weeks 121+ 14 138 +13
8 weeks 7.5 + 0.7 9.2 £ 0.8
6 months 39+ 03 7.8 £ 0.7
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Table 2 continued

Sr. no  Variable Duration  Active Placebo Group X Time
8 Quality of life (EuroQol EQ-5D) Baseline 2.6 £ 06 25+ 06 p=0001*

4 weeks 22+ 05 24 405

8 weeks 1.6 £ 0.3 23+ 04

6 months 1.3 £ 0.1 21+£02

ESWT extracorporeal shockwave therapy, VAS visual analog scale, MRI magnetic resonance imaging, Q-DASH Quick
Disabilities of Arm, shoulder and hand, 7SK AV The Tampa Scale for Kinesiophobia adjusted version, HADS Hospital
Anxiety and Depression Scale, EnroQol EQ-5D European quality of life five dimensions

*Signiﬁcant

Table 3 Mean (SD) difference within groups for primary and secondary outcome variables

Variables Difference within groups

Week 4 minus baseline

Week 8 minus baseline

Month 6 minus baseline

Active Placebo Active Placebo Active Placebo
Pain intensity - 4.3 (0.5) -23(0.6) -5.8(0.5) - 3.6 (0.6) - 64 (0.5) - 44 (0.6)
MRI T2 - 03(02) ~ 0.1 (0.3) ~0.8(02) - 03 (0.3) ~12(0.2) ~ 0.6 (0.3)
Abduction 22.9 (8.15) 74 (6.74) 39.0 (8.20) 164 (6.8) 54.9 (8.15) 31.3 (6.8)
Lat. rotation 10.6 (3.44) 4.0 (2.73) 24.2 (3.5) 8.9 (2.73) 36.0 (3.5) 17.9 (2.73)
Fun. disability - 37.9 (24) - 208 (28)  -550 (24) - 346 (28) - G647 (24) - 485 (2.8)
Kinesiophobia - 19.1 (18) - 106 (1.6)  -295(18)  -205(1.6)  -401(18)  -29.0 (16)
Depression - 4.7 (0.7) -25(0.7) -93(0.7) -7.1(07) - 129 (0.7) -85(0.7)
Quality of life - 0.4 (0.2) - 0.1 (0.2) - 1.0 (02) ~02(02) ~13(0.2) - 0.4 (0.2)

(MUA), as it is an easy-to-apply procedure, a safe
technique, is cost-effective, and will show early
results [32]. The positive effects of these tech-
niques would be due to the capsular stretching
effect from the injection of 3 ml of 1% lidocaine
into the joint capsule. It is the most widely used
local anesthetic drug by orthopedic surgeons
and it has the effect of reversibly blocking the
conduction of the small nerve fibers, which
carry the pain and autonomic information. This
immediate effect would be helpful to deterio-
rate the pain sensation and produce early results
[17]. Nevertheless, over the past few years, long-
term adverse effect, such as chondrotoxicity,
has been reported after the administration of IA

lidocaine injection. A recent clinical study
investigated that a high-dose administration of
IA local anesthetic (377 ml of 0.5% bupivacaine)
by a pain pump was related to chondrotoxicity.
At the same time, another in vitro study inves-
tigated a significant decrease in chondrotoxicity
effect after a single-dose 1% lidocaine injection
[33]. A study by Hsu WC et al. investigated that
the IA injection of lidocaine immediately before
a physiotherapy session has a better effect than
physiotherapy alone in the treatment of frozen
shoulder patients [17]. In the same way, our
reports are in agreement with Hsu WC et al.,
which found an added effect of extracorporeal
shockwave therapy (ESWT) after administration
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Table 4 Mean (95% CI) difference between groups for primary and secondary outcome variables

Variables

Difference between groups

Week 4 minus baseline
Active—Placebo

Week 8 minus baseline
Active—Placebo

Month 6 minus baseline
Active—Placebo

Pain intensity
MRI T2
Abduction
Lat. rotation
Fun. disability
Kinesiophobia
Depression

Quality of life

2.0 (1.71-2.28)

0.2 (0.06-0.33)

- 155 (- 19.36 to - 11.63)
- 6.6 (- 820 to — 4.99)
17.10 (15.75-18.44)

8.5 (7.61-9.38)

2.2 (1.83-2.56)

0.3 (0.19-0.40)

2.2 (1.91-2.48)

0.5 (0.36-0.63)

- 22.6 (- 2649 to - 18.70)
- 153 (- 16.92 to - 13.67)
204 (19.05-21.74)

9.0 (8.11-9.88)

2.2 (1.83-2.56)

0.8 (0.69-0.90)

2.0 (1.61-2.18)

0.6 (0.46-0.73)

- 23.6 (- 2747 to - 19.72)
- 18.10 (- 19.72 to - 16.47)
162 (14.85-17.54)

11.0 (10.21-11.98)

4.4 (4.03-4.76)

0.9 (0.79-1.00)

of IA lidocaine injection in frozen shoulder
conditions. The injection of lidocaine results in
considerable pain reduction soon after admin-
istration, which facilitates an excessive use of
the limb at the earlier stage. This is one of the
main causes responsible for the high recurrence
rate at the later stage of injection. Therefore, the
patients are informed to keep the limb in a
resting state for 3 days after the injection.

In addition, Elerian AE et al. investigated
that ESWT alone provides a more effective and
safer treatment procedure than corticosteroid 1A
injection for diabetic frozen shoulder patients
[34]. The clinically effective ESWT provided in
our study involves the administration of the
ESWT with 3.5 bar air pressure and 2000 pulses
with an energy flux density (EFD) of ¥4 0.16 m]/
mm? at a frequency of 8 Hz applied in two
shoulder regions, which is applied two sessions
per week for 4 weeks and it is the ideal param-
eters for treating frozen shoulder [24]. The pre-
sent study shows the pain relief effect of ESWT,
which could be due to hyper-stimulation anal-
gesia and neovascularization changes in our
bodies [35]. Furthermore, Zhang R et al. stated
that the application of ESWT induced anti-in-
flammatory and anti-fibrotic effects and fas-
tened the tissue healing through increased
blood flow to the treated site. It also increases
the extensibility of the collagen fibers and
increases the range of motion in FS patients.

Recovering the shoulder movements was
thought to demonstrate smoother capsular
margins and the reappearance or enlargement
of the axillary recess with increased extensibil-
ity [20]. Consequently, an overall decrease in
pain intensity and an increase in shoulder range
of motions increase the functional activities of
the joint. Our findings also confirm that ESWT
with progressive resistance exercise would be
useful for improving the condition even
further.

In our study, we measured the thickening of
coracohumeral ligaments in frozen shoulder
patients through sagittal sections of MRI and
found that active ESWT has a significant
improvement over placebo ESWT and reached
10% of the minimal clinically important dif-
ference (MCID). Mengiardi et al. also found that
patients with frozen shoulders had a signifi-
cantly thickened CHL, which was measured by
MRI analysis, which limits the external rotation
and induces thickness-related pain [21]. We
noticed in both study groups that there were
consistent and significant improvements in the
Q-DASH scores from the baseline measurements
to the follow-up measurements. The changes
and the improvement noticed in the muscle
strength in our study investigated that pro-
gressive resistance training provided faster im-
provement in muscle quality and enhanced
muscle strength. It results in enhanced
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Fig. 4 Pre- and post-outcome measures of active and placebo groups

participants’ functional status [24] as well as
their psychological (kinesiophobia, depression,
and QOL) status. In addition, in our study to
find the real effects of ESWT, we included the
placebo ESWT group. To obtain the placebo

effect, a special cap was used in the transducer
head which blocked the extracorporeal shock-
waves that transfer to the body. However, the
clinical changes observed in the placebo group
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were due to placebo effects and mentioned as
the “Hawthorne effect”.

Strengths and Weaknesses of Study

The strength of this study is its clinical envi-
ronment and the use of common, well-estab-
lished physiotherapeutic methods, which
assured the external validity of this study. Next,
the CONSORT guidelines for randomized con-
trolled trials were rigorously implemented in
this study. To eliminate different biases in the
study, the randomization, allocation conceal-
ment, and the blinding of subjects and thera-
pists were performed. Also, there were a few
dropouts and the overall adherence to the study
protocol was good. As this is not a serious and
self-limiting problem, we picked statistical tests
that would reduce type 1 errors. A tight reha-
bilitation protocol and restricted individual
treatment modifications might have altered the
results. It would be intriguing to examine the
individual effects of ESWT alone in treating
acute and subacute conditions using the same
inclusion criteria as used in our study. It is
possible that those in the placebo group were in
more discomfort and thus more frequently
engaged in exercises or were more compliant
with the exercise regimen (to seek relief from
the discomfort) than those in the treatment
group. If so, then this would attenuate (or
shrink) some of the estimated effects of the
active treatment. This renders the reported
effects conservative. The confounding factors
such as age, gender, duration of pain, stage
characteristics, medication use, and occupation
may affect the results of the study, which is not
controlled during the data analysis. Also, the
study did not include a control group, which
may present the actual effects of intervention
procedures. Hence, future studies can be con-
ducted with the same study design by including
a control group and considering the con-
founding factors in data analysis and long-term
follow-up measurements in frozen shoulder
patients.

CONCLUSIONS

In conclusion, intra-articular lidocaine injec-
tion in addition to extracorporeal shockwave
therapy and progressive resistance exercise is
effective in terms of reducing pain, decreasing
coracohumeral ligament thickness, improving
range of motion, functional disability, kinesio-
phobia, depression status, and health-related
quality of life in patients with frozen shoulder.
This study provided clinicians and therapists
with a better understanding of this disease and
its intervention.
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