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Abstract

Background: Although the continuous mode of ultrasound therapy improves joint mobility, its role in primary adhesive capsulitis
(AC) remains unclear. Therefore, this systematic review aims to address this evidence gap.

Methods: The literature search included databases (SCOPUS, CINAHL, EMBASE, and PubMed) and in-text references of articles
read full-text. Randomized controlled trials (RCT) on primary AC patients (published in the English language between 1979-2019)
comparing the ROM changes (in degrees) mainly between continuous mode of US therapy with any other non-electrotherapeutic
treatment were eligible for inclusion. The trials were reviewed narratively along with an assessment of the risk of bias.

Results: Out of 174 search results, two eligible single-center trials comprising of 100 participants compared ROM in four separate
directions at the 10th session and after three months post-intervention. The risk of selection bias, performance bias, and attrition bias
was unclear among the trials. While in both the trials ROM (in all directions) improved in the respective intervention groups at follow
up, most of these changes varied between the intervention groups in one trial. However, in the latter trial, participants in the treatment
group had the worst ROM values at baseline with poor compliance to the adjunct exercise therapy.

Conclusion: The contemporary evidence in the context remains inconclusive due to a lack of large multicentric well-conducted
RCTs.
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Introduction

Adhesive capsulitis (AC) is an inflammatory condition
of the glenohumeral joint capsule that affects 2-5% of the
population (1, 2). Females aged 40-60 years old are fre-
quently affected by AC (1, 2). AC can be either primary
(idiopathic) or secondary (due to other shoulder patholo-
gies like rotator cuff tears, calcific tendinitis, arthritis of
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glenohumeral joint or acromion-clavicular joint and cervi-
cal radiculopathy) (3).

Limitation of shoulder joint mobility is one of the chief
morbidities of AC; both active range of motion (ROM)
and passive ROM loss can occur in different directions (1,
3, 4). As AC advances, the shoulder joint ROM declines

1tWhat is “already known” in this topic:

Evidence suggests, continuous mode ultrasound improves joint
motion. However, little is known if it increases shoulder joint
kinesis in primary adhesive capsulitis patients.

— What this article adds:
In primary adhesive capsulitis, the current evidence regarding

the continuous mode of ultrasound therapy and the
improvement of shoulder joint mobility remains inconclusive.
New multicentric clinical trials with high statistical power and
low risk of bias are needed to generate constructive evidence in
this context.
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progressively and leads to stiffness (1). Restricted ROM in
AC patients can cause difficulty with daily self-care activ-
ities like dressing, fastening the brassiere, hair combing,
reaching the back pocket (3). Although AC is a self-
limiting condition, many patients do not regain their lost
ROM completely (2, 5).

Unfortunately, at the present day, there is no consensus
about the ideal treatment for AC (1, 2, 4, 5). To improve
the kinesis of the affected shoulder joint, AC patients of-
ten receive ultrasound (US) therapy (an electrotherapeutic
modality) (6). The heat delivered by the continuous mode
of US alters the cell membrane permeability, accumulates
calcium inside cells, and stimulates tissue regeneration
(7). The frequency of therapeutic US delivery is 1-3 MHz
(8). Research suggests that the therapeutic US delivered in
continuous mode improves joint mobility (9-11). Howev-
er, the contemporary evidence of its usefulness in primary
AC patients in improving the shoulder joint ROM is not
rigorous. Therefore, to address this knowledge gap, this
systematic review was conducted. This study aimed to
compare, the therapeutic effects of the continuous mode of
US alone or in combination with non-electrotherapeutic
treatment/s versus placebo and (or) non-electrotherapeutic
treatment/s on shoulder joint ROM in primary AC pa-
tients.

Methods

This review does not have a pre-registered protocol.
Studies meeting the following eligibility criteria were eli-
gible for inclusion in this review. 1- Primary AC patients,
aged 18 years and older, suffering from the shoulder joint
movement restriction to any extent for any duration were
eligible. As per the trialists’ definition, we accepted the
primary AC diagnosis. 2- Randomized controlled trials
(RCT) of any design (like parallel, cross-over), published
in the English language between Feb 1979 to Feb 2019,
were eligible. Since, from 1990 the use of therapeutic US
surged in several nations (12), we decided to search for
papers published up to about a decade back (until 1979).
3- Trials in which the intervention group were treated with
the continuous mode of US therapy in any dose for any
duration as a sole treatment or in combination with any
non-electrotherapeutic conservative treatment/s (e.g., an-
algesics and anti-inflammatory medications, exercise ther-
apy and hot packs). 4- Trials that administered any of the
following treatments for any duration to the control group
- the sham US and (or) any conservative non-
electrotherapeutic modality (e.g., analgesics and anti-
inflammatory medications, exercise therapy and hot
packs). A study was identified as an RCT when the partic-
ipants were recruited using pre-defined eligibility criteria,
then randomly allocated into an intervention and control
group, and finally, both groups were followed prospec-
tively to compare the outcomes. 5- RCTs that reported the
active or passive shoulder joint ROM in different direc-
tions (the outcome) in degrees, after the compared treat-
ment groups have received the interventions. We excluded
studies of an observational design and when participants
had a systemic cause of shoulder joint pain (like rheuma-
toid arthritis, diabetes mellitus).
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To identify eligible trials, we searched the electronic da-
tabases (PubMed, CINAHL, EMBASE, and SCOPUS),
and the last date of the search was 21-Feb-2019. Addi-
tionally, we scanned through the references of the publica-
tions we read full-text. The electronic databases were
searched for titles and abstracts of research papers. The
following search terms were used - "adhesive capsulitis"
OR "frozen shoulder" OR "stiff painful shoulder" OR
periarthritis AND ultrasound. We further narrowed down
the search results to identify RCTs by applying the “ran-
domized controlled trial” filter or by using the word ‘trial’
if a filter was not available.

After eliminating the duplicates, using the above-
mentioned eligibility criteria, we skimmed through the
titles and abstracts of the searched papers. We read papers
in full-text when the studies seemed to meet the eligibility
criteria or when a decision about inclusion or exclusion
was not possible by reading the abstracts alone. We ad-
hered to the study selection process of the PRISMA flow
diagram (13).

From each trial, we extracted the following information:
1. Study profile (last name of first author, year of publica-
tion, country of study) 2. Study population data (sample
size, number of dropouts and its cause, age, mean (and
SD) age, average (and SD) of symptom duration, sex, in-
clusion and exclusion criteria) 3. Intervention details (of
treatment group and comparison group) 4. Trial method-
ology (study design, recruitment, blinding, analysis) 5.
Outcome relevant information (outcome assessed, time
points of outcome assessment after intervention, relevant
results) 6. Miscellaneous info (funding source, ethical
approval, participant consent). We did not contact the
trialists for any information.

To assess the risk of bias in individual studies, we used
the guideline described in the Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [up-
dated March 2011] (14). Risk of bias was assessed in the
following domains — selection bias (sequence generation,
concealment of allocation), performance bias (blinding of
study participants and personnel involved, blinding of
outcome assessors), attrition bias (incomplete reporting of
outcome data), reporting bias (selective reporting of the
outcome), and miscellaneous sources of bias (14). Based
on the risk assessment, each component of the risk of bias
was labeled as low risk, high risk, or unclear risk (when
neither of the former was applicable) (14). Disagreements
among authors were resolved by discussion.

Due to the scarcity of eligible trials, a meta-analysis was
not done. Henceforth, we report this paper narratively. We
followed the PRISMA guideline to report this paper (13).

Results

The electronic database and hand search generated 174
(71 in SCOPUS, 44 in CINAHL, 36 in EMBASE, and 23
in PubMed) and four search results (papers) respectively.
We skimmed through the titles and abstracts of 141 papers
after excluding the duplicates. Then, six papers were read
full-text, and finally two RCTs (15, 16) matching our
study’s eligibility criteria were included for the review

(Fig. 1).
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Fig. 1. PRISMA 2009 Flow Diagram

The reviewed trials were single-centric, two-arm paral-
lel-group RCTs conducted in Turkey and Iran, and com-
prised of 100 participants, randomized into the treatment
and comparison group (15, 16). The average age of the
trial-participants was 52.49 years (n=99) (15, 16). The
mean symptom duration was 5.53 months (n=99) (15, 16).
Both trials recruited primary AC patients who were not
suffering from any major (active) medical illness (15, 16).
Attrition (22%; n=11) chiefly occurred in Ebadi et al.'s
study (2017) (15). In both trials, while the intervention
group received continuous mode US treatment (at 3 MHz
frequency and 1.5 W/cm? intensity) with some form of
exercise therapy, the comparison group received sham US
treatment with exercise therapy (15, 16). In one trial, be-
sides the above, all participants received hot packs (16).
The trialists of Ebadi et al. study and Dogru, Basaran &
Sarpel study, analysed data as an intention to treat and
per-protocol respectively (6, 15, 16). The trials assessed
shoulder joint ROM (in degrees) in both the intervention
groups for abduction, flexion, inner rotation, and outer
rotation, at baseline and then in 10th session (time point 1;
TP1) and third month (time point 2; TP2) following the

intervention (15, 16). The trialists obtained the needed
ethical clearance and participant consent for undertaking
the trials (15, 16). Table 1 summarises the salient features
of the trials (15, 16).

Next, we present the trials’ risk of bias assessment (Ta-
ble 2). In the study by Dogru, Basaran & Sarpel (2008),
the risk of selection bias remained unclear as there was no
apparent mention of - how the random component of se-
quence generation was ensured and how the participants’
allocation into different treatment groups was concealed
from the researchers (16). In contrast, the use of randomly
generated sealed opaque envelops along with the in-
volvement of an outsider in randomising participants into
the treatment groups reduced the risk of selection bias in
the Ebadi et al. (2017) study (15). While the risk of per-
formance bias was unclear in Dogru, Basaran & Sarpel’s
study (16), this risk was low in Ebadi et al (15) study as a
third individual blinded the participants and therapist in a
concealed manner (by turning the US machine on or off)
(15, 16). Blinding of the shoulder joint ROM measurer
ensured low risk of detection bias in both trials (15, 16).
The blinding of outcome assessors to the treatment
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Table I. Summary table

Study” Population

Study population (those ran-
domised): 50

Dropout (after randomisation):
1

Cause of drop-out: personal
reason (from sham US group at
early first week)

Age: between 41-72 years
Mean (SD) age: 55.3 (7.6)
years

Mean (SD) symptom duration:
5.7 (3.3) months

Sex (n=49): Male = 21, Female
=28

Inclusion criteria: minimum
three months long shoulder
joint pain with no preceding
history of major trauma, 25%
or more loss in shoulder joint
ROM in all directions, visual
analogue scale score of 40mm
in the affected shoulder joint,
no abnormality in shoulder x-
ray and absence of cancer,
arthritis or other medical cause
of joint pain like infection or
heart disease or coagulative
disorders.

Exclusion criteria: secondary
causes of AC like rotator cuff
tear, fracture, dislocation etc.

Dogru, 2008, Turkey(16)

Intervention

Treatment group
Intervention:

1. Hot pack,

2. Exercise
program
(Codman’s
exercise, active
ROM and
stretching exer-
cises)

3. Continuous
US with 3 MHz
frequency and
1.5 W/em2
intensity. SOS
analgesics.

Intervention
frequency: daily
for 2 weeks
except on week-
ends

Control group
Intervention:

1. Hot pack

2. Exercise
program
(Codman’s
exercise, active
ROM and
stretching
exercises)

3. Sham US
(US device was
kept in switch-
off mode).

4. SOS analge-

sics.

Intervention
frequency:
daily for 2
weeks except
on weekends

Methods

Design: 2 arm, paral-
lel group RCT; single
centred trial

Recruitment: partici-
pants were sequen-
tially numbered by
2nd author and were
allocated to either US
therapy or sham US
therapy group.

Blinding:

1st author: the out-
come assessor, was
blinded to treatment
2nd author: sequen-
tially numbered the
patients and assigned
them to either US
therapy or sham US
therapy group; proba-
bly not blinded

3rd author: role not
clear.

Participants: blinded
in sham US group
however, it’s not
clear if those in inter-
vention group were
equally blinded to
treatment

Analysis: per protocol

Outcomes (post-
intervention)

Outcome assessed:
shoulder joint ROM
in four directions
(abduction, flexion,
inner rotation, and
outer rotation)

Time points of
outcome assess-
ment: at 10th ses-
sion and third month
after intervention.

Results: Respective
improvement in
ROM from pre-
intervention to 10th
session and 3rd
month post-
intervention were
statistically signifi-
cant in each of the
treatment groups.
Between treatment

group comparison of

ROM at two time
points after inter-
vention was signifi-
cant only for outer
rotation at 10th
session after treat-
ment.

Miscellaneous

Funding
source: not
clear

Ethical clear-
ance: obtained

Participant
consent: ob-
tained

decreased the risk of detection bias in the Dogru and col-
leagues’ trial (6, 16). Regarding the risk of attrition bias,
the risk was low in Dogru, Basaran & Sarpel (study (only
one participant left the trial due to personal reasons) (16).
But, in Ebadi et al. study, the risk of attrition bias was
unclear as 22% of the participants were lost to follow up
after receiving the allocated intervention and trialists im-
puted their ROM values by carrying the last observation
forward (15). The risk of reporting bias was low, as the
authors of both the trials reported results as per the de-
scription in the methodology section (15, 16). Lastly, we
could not rule out the possibility of any ROM measure-
ment-associated bias due to no clear mention of the relia-
bility assessment of the outcome assessor/s (15, 16).

Subsequently, we depict the findings from the trials per-
tinent to the shoulder joint ROM in different directions at
different time points (15, 16). The trials reported the mean
and standard deviation (SD) of shoulder joint ROM, in
degrees, in four different directions (abduction, flexion,
inner rotation and outer rotation) at baseline, TP1 and TP2
(15, 16).

In the Dogru, Basaran & Sarpel study, at baseline,
compared to the control group, the ROM was worst in the
real US group for passive abduction (p<0.050), flexion
(p<0.050), inner rotation (p=0.001), and outer rotation
(p<0.001) (16). In contrast, the baseline ROM values
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among all of the tested directions did not vary statistically
in the Ebadi et al. study (15).

In Dogru, Basaran & Sarpel study, the within-group re-
peated measure of ROM in all four directions showed
statistically significant improvement only at TP2 in each
treatment group (p<<0.0001) (16). This improvement in the
Ebadi et al. was statistically significant for all directions
of ROM (15).

Among the treatment groups, from the baseline, both
trials also compared the change in ROM at TP1 and TP2
(15, 16). This post-pre-treatment improvement in Dogru
and associates’ study was larger in the real US treated
group (compared to the sham-US group) - between TP1
and baseline (for flexion (p<0.050), inner rotation (0.002),
and outer rotation (p<0.050)) and between TP2 and base-
line (for inner rotation (p=0.001) and outer rotation
(p<0.050)) (16). Nonetheless, these differences in the four
ROM directions did not vary between intervention groups
in Ebadi et al. study (15).

The authors of Ebadi et al. study additionally examined
if the ROM in different directions varied between the
treatment groups based on any interaction with the follow-
ing time intervals - baseline to TP1, TP1 to TP2 and base-
line to TP2. They found a significant interaction between
a time period (TP1 to TP2) and abduction, representing a
larger improvement in the sham US group (p<0.050) (15).
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Study” Population Intervention Methods Outcomes (post- Miscellaneous
Treatment group Control group intervention)

Study population: 50 Included in final Included in final ~ Design: 2 arm, parallel Outcome assessed: Funding
Dropout (after randomisa- analysis (n) =25 analysis (n) = group RCT, single cen- shoulder joint source: not
tion): 11 (7 in treatment Intervention: 25 tred trial ROM in four direc-  clear
group and 4 in comparison ~ Physical exercise Intervention: tions (abduction,
group) (stretching and Physical exer- Recruitment: random flexion, inner rota- Ethical clear-
Cause of dropout: personal  strengthening cise (stretching allocation into interven- tion, and outer ance: obtained
reasons not related to the exercises) and strengthen- tion and control group rotation)
dissatisfaction or adverse continuous US as ing exercises) using opaque sealed Participant
reaction to intervention 3 MHz, 1.5 sham US (de- envelopes; not done by Time points of consent: ob-
Age: between years w/cm?2 intensity vice light was the authors outcome assess- tained
Mean (SD) age: 49.74 (7) for 6 min duration  kept on with US ment: at 10th ses-
years on the anterior actually being Blinding: double-blinded  sion and third
Mean (SD) symptom dura-  and posterior side  delivered) (assessor, patient, and month after inter-

&~ tion: 5.36 (1.9) months of the gleno- Intervention therapist) vention

% Gender (n=50): male =20,  humeral capsule. frequency:

s female = 30 Intervention fre- every alternate Analysis: intention to Results: ROM

: Inclusion criteria: 40 to 70-  quency: every day except on treat improved signifi-

> year-old alternate day weekends for 10 cantly at both time

f\'_n primary AC patients with except on week- sessions points in both of

E unilateral shoulder pain ends for 10 ses- the intervention

m and ROM restriction for sions groups. However,

minimum 3 months with
no medical (like diabetes)
or psychological illness.
Moreover, the participant

this change did
don’t differ be-
tween the across
the treatment

should not have been treat- groups.
ed with physiotherapy in
previous six months and
not on any analgesics.
Exclusion criteria: patients
not ready to consent fur-
ther to be in the study or
those not matching the
inclusion criteria.
“First author’s last name, year, country
Table 2. Risk of bias table”
Study* Domain Author’s Support for judgement
judgement
Random sequence genera-  Unclear risk  Although participants were numbered sequentially it’s not clear how the random component
tion (selection bias) of sequence generation was addressed (16).
Allocation concealment Unclear risk ~ Not mentioned clearly
(selection bias)
Blinding of participants Unclear risk Since the authors mentioned that the US device was not turned on in the sham US treated
and personnel (perfor- group the participants were plausibly blinded of the intervention they received, and the blind-
mance bias) ing was not broken. However, it is not clear if the intervention provider/s were equally blind-
Outcome: ROM (active or ed (16).
passive)
Blinding of outcome Low risk Outcome assessor was blinded to the treatments, as reported in a Cochrane review (authors
assessment (detection of this review communicated with the trial authors) (6,16).
bias)
S Outcome: ROM (passive)
Z Incomplete outcome data Low risk Only one participant left the study intervention group which is unlikely to bias the outcome
§ (attrition bias) measurements (16).
<\1 Selective reporting (re- Low risk Although a protocol was not available, authors have prespecified about the ROM measure-
?D porting bias ments at 10th session and 3 months post-intervention and have reported all outcome in Table
) 2 of their paper (16).
A Other bias Unclear risk There is no mention about intra-rater reliability of the outcome assessor (16).

#Used tools mentioned in Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0 [updated March 2011] (14).
“First author’s last name, year

A meta-analysis and subsequent assessment for any het-
erogeneity and publication bias were beyond the scope of
this review due to its qualitative nature.

Finally, we cite some of the pitfalls that might have
plausibly biased the results of the trials (15, 16). For in-
stance, in the Dogru and associates’ study, at baseline, the
real US treated group had a worse shoulder joint ROM in
each of the four directions (whereas these values were

comparable in the other trial) (15, 16). Furthermore, its
treatment group were less compliant with home exercises,
compared to the control group (16). Conversely, the main
concern in the Ebadi et al. study was the missing ROM
values of those who were lost to follow up (15). For those
the last observation was carried forward, we can’t be ab-
solutely certain of the true ROM values in different direc-
tions if all participants had continued to follow up until
http://mjiri.iums.ac.ir
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Table 2.Ctd

Study* Domain Author’s Support for judgement
judgement
Random sequence generation Low risk Random component was clearly evident in the sequence generation process (15).
(selection bias)
Allocation concealment (selec- Low risk Allocation was likely to be concealed since a statistician was involved who was
tion bias) not the involved in recruitment process (15).
Blinding of participants and Low risk The assistant played a crucial role in maintaining blinding of participants and

personnel (performance bias)

therapist who provided the continuous US therapy (15).

3 Outcome: ROM (active)

= Blinding of outcome assessment ~ Low risk Outcomes assessor was likely to be blinded (15).

] (detection bias)

g Outcome: ROM (active)

3 Incomplete outcome data (attri- Unclear risk 22% (n=11) of the participants were lost to follow up. Moreover, the method of

= tion bias) imputation is likely to create.
Selective reporting (reporting Low risk Although a protocol was not available, the authors reported the outcome entirely as
bias) described in the methodology section (15).
Other bias Unclear There is no mention about the number of active shoulder movement assessors

involved and there interrater or intra-rater reliability in context of active ROM
measurement (15).

the end (15). Perhaps, an accompanying analysis (like a
worst-case scenario assessment or vice versa) would have
accounted better for the statistically significant improve-
ment observed in the respective treatment groups.

Discussion

We found two single centred trials, published between
Feb 1979 to Feb 2019, that compared the therapeutic ef-
fect of continuous mode US with non-electrotherapeutic
modalities on shoulder joint ROM in four directions (ab-
duction, flexion, inner rotation and outer rotation) among
100 primary AC patients (15, 16). In Dogru and associ-
ate’s study, the selection bias and performance bias re-
mained unclear (16). In contrast, in Ebadi et al.’s study,
the risk of bias was unclear for attrition bias (15). In both
trials, the inter-rater or intra-rater reliability of outcome
assessor for ROM measurement was not clear (15, 16).
Remaining components of the risk of bias assessed in the
trials were at a lower risk (15, 16). Within each of the
treatment groups, there was a significant improvement in
ROM in different directions in both trials (15, 16). How-
ever, only in the Dogru et al. study, there was some evi-
dence of greater improvement in ROM in all directions
(except abduction) at the follow-up time points (16).

Then we explore the context in light of what is known.
It seems apparent from the literature search that none of
the contemporary review articles have researched the ef-
fects of continuous mode US therapy on shoulder joint
kinesis in primary AC patients. Existing recent researches
mainly focused on the effects of therapeutic US on a
broader context like musculoskeletal problems or shoulder
pathologies in general (17, 18). We could retrieve only
one review paper (published in 2014) that specifically
studied the effects of therapeutic US in AC and concluded
that the contemporary evidence regarding the effective-
ness of US therapy on active shoulder joint ROM is in-
conclusive (6). Compared to that review (6), we presented
here more updated evidence (a literature search up to Feb
2019) about a specific mode of US therapy (continuous
mode) on shoulder joint kinesis (irrespective to if ROM
was measured actively or passively). A search in the
PROSPERO database revealed two ongoing trials that are
investigating the effect of therapeutic US on shoulder joint
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ROM (19, 20). However, contrasted to ours, these reviews
are unlikely to be specifically studying the effect of con-
tinuous mode-US (19, 20).

Next, regarding the implications of this paper, therapists
like osteopaths, physiotherapists, and physicians may find
this review useful to decide the trade-offs between the
therapeutic cost of continuous mode-US treatment versus
its benefit in ROM improvement while advising the pri-
mary AC patients in light of the current evidence. Similar-
ly, the primary AC patients, seeking or receiving continu-
ous mode of US therapy might also find our review help-
ful to understand the amount of improvement in shoulder
joint mobility to be expected, based on the current evi-
dence. Likewise, policymakers and key stakeholders of
health systems might find our finding worthful in deciding
how much of the resources (financial, logistic) should
flow in implementing or continuing continuous mode of
US therapy to benefit the primary AC patients. Lastly, to
produce more rigorous evidence in the context, this review
may encourage future trialists to conduct multicentric
large clinical trials for a relatively long duration plus a
good study design (to ensure a low risk of bias).

Lastly, we illustrate the limitations of our review. At the
study level, the trials are likely to be underpowered due to
their relatively small sample sizes (15, 16). Additionally,
the single centric design of the trials is likely to decrease
the external validity. Then, at the outcome level, the trials
primarily suffered from unclear risk of selection bias (16),
performance bias (16), and attrition bias (15). Ultimately,
at the review level, we could not search for all possible
electronic databases (due to our limited resources) which
limited the scope of our search. Furthermore, our search
was confined to language and time period restrictions.

Conclusion

The results of the reviewed trials were not identical, and
each was accompanied by their respective weaknesses. In
the absence of rigorously conducted large multicentric
trials of a relatively longer duration, it is hard to conclude
decisively if the continuous mode of US treatment is bene-
ficial in improving the ROM in different directions in
primary AC patients.
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