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Background: Frozen shoulder (FS) is a painful condition characterized by progressive loss of shoulder function with passive and
active range of motion reduction. To date, there is still no consensus regarding its rehabilitative treatment for pain management.
Purpose: The aim of this umbrella review of systematic reviews was to analyze the literature, investigating the effects of non-surgical
and rehabilitative interventions in patients suffering from FS.

Patients and Methods: A review of the scientific literature was carried out from 2010 until April 2020 using the following search
databases: PubMed, Medline, PEDro, Scopus and Cochrane Library of Systematic Reviews. A combination of terms was used for the
search: frozen shoulder OR adhesive capsulitis AND systematic review OR meta-analysis AND rehabilitation NOT surgery NOT
surgical intervention. We included systematic reviews that specifically dealt with adults with FS, treated with non-surgical approaches.
All the systematic reviews and meta-analyses included in the study that met the inclusion criteria were assessed using the Assessment
of Multiple Systematic Reviews as a quality assessment tool.

Results: Out of 49 studies, only 14 systematic reviews respected the eligibility criteria and were included in this study. Their results
showed an important heterogeneity of the studies and all of them agree on the lack of high-quality scientific work to prove
unequivocally which rehabilitative treatment is better than the other. Due to this lack of gold standard criteria, there may be also a
heterogeneity in the diagnosis of the reviews analyzed.

Conclusion: Non-surgical and rehabilitative interventions are undoubtedly effective in treating FS, but there is no evidence that one
approach is more effective than the other regarding the methods reported. Future high-quality RCTs are needed to standardize the
treatment modalities of each physiotherapy intervention to provide strong recommendations in favor.
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Introduction

Frozen shoulder (FS), also known as adhesive capsulitis, is a painful condition characterized by progressive loss of
shoulder mobility. The American Shoulder and Elbow Society produced a consensus regarding FS, in which it is defined
as a condition characterized by progressive functional restriction of shoulder movement with active and passive range of
motion (ROM) reduction and without significant radiographic alterations of the glenohumeral joint.' The prevalence of
primary FS is estimated to range between 2% and 5% in the general population® and between 10% and 38% in patients
with diabetes mellitus (with no difference between type 1 diabetes mellitus-DM or type 2 DM) and thyroid diseases
which can be considered the main risk factors for secondary FS.>® The incidence of FS is higher in patients aged between
40 and 65 years and affects predominantly women and the non-dominant shoulder.””®
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To date, the pathogenetic mechanisms are still uncertain, but it is accepted that FS is a consequence of inflammation
of the synovium that precedes capsular fibrosis just as pain precedes mobility limitations.'*!!

Patients usually report pain, initially in extreme degrees of ROM, for at least a month and later onset of joint
limitation that is predominant in flexion, abduction (at average and extreme degrees) and external rotation (specially
between 45 and 90 degrees of abduction) and interferes with activities of daily life.' '

Articular shoulder pain might be provoked by sensitization of structures containing Ad, AP, and C-fibers, proved to
be also present in the joint tissue, in the earliest phases.'? However, with persistent pain and chronic inflammation, pain is
associated with hyperexcitability of spinal nociceptive neurons, provoking central sensitization and increasing neuro-
transmitters release in the joint.'* Indeed, chronic shoulder pain in literature is associated with detrimental consequences
in terms of impact on health, work capability and quality of life, and even causing temporal gyrus brain modification and
orbitofrontal cortex.'*

There are no absolute diagnostic criteria defining the exact degree of joint restriction for the diagnosis of FS, but
according to the guidelines of the American Physical Therapy Association, a loss of ROM greater than 25% in two planes
of motion and loss of passive external rotation greater than 50% compared to the uninvolved shoulder or an external
rotation of less than 30° would be characteristic of FS.*'> Additionally, the commonly referenced clinical findings include
painful stiff shoulder for at least 4 weeks; severe shoulder pain that interferes with activities of daily living or work; night
pain; painful restriction of both passive and active shoulder ROM (elevation <100, external rotation >50% restriction);
normal radiological appearance.®

FS often progresses in three different stages: 1) the freezing (with pain), 2) frozen (adhesive) and 3) thawing phases.
In the first stage (2-9 months), there is a gradual onset of severe and diffuse shoulder pain (typically worsens at night).
During the second (4—12 months) stage, the pain will begin to subside with a characteristic progressive loss of shoulder
ROM. During the third stage (about 5-26 months), the patient experiences a gradual return of ROM.'®

A sensitive clinical test for FS appears to be the Shoulder Shrug Sign, which evaluates the patient’s ability to abduct
in the frontal plane up to 90°, without compensation. It has a sensitivity of 95% and a specificity of 50%.'7'® Another
study proposes a pathognomonic provocative palpation test for FS, the Coracoid Pain Test. It is performed by exerting
digital pressure at the level of the acromioclavicular joint, on the anterolateral subacromial area and on the coracoid
process; the test is positive when the score was 3 points or higher on pressure in the coracoid area compared with the
other two areas according to the Visual analogue scale (VAS)."

The pressure is exerted during the test on the rotator cuff interval which is one of the areas most affected by the
pathogenic process. Compared to the control group (healthy people), the test showed a sensitivity of 99% and a
specificity of 98%; instead, compared to other shoulder diseases, it has a sensitivity of 96% and a specificity of 8§7%.
However, the study has various limitations such as analyzing only one group, not blinded, of patients and also no
reliability index is reported.'”

For the evaluation of FS there are various shoulder-specific outcome measures, such as the Disabilities of the Arm,
Shoulder and Hand Questionnaire (DASH), Shoulder Pain and Disability Index (SPADI), Constant-Murley Shoulder
Score (CSS), Simple Shoulder Test (SST), Penn Shoulder Score, American Shoulder and Elbow Surgeon score (ASES)
and the Shoulder Rating Questionnaire (SRQ).®

Several therapeutic approaches to mitigating pain and restore shoulder ROM in FS have been proposed. Drug
treatment is based on the oral administration of steroids or NSAIDs and on the use of intra-articular or subacromial
infiltrations of corticosteroids, collagenase, hyaluronic acid or physiological solution.** %

Administration of corticosteroids, whether oral or infiltrative, yields rapid benefits on pain and joint recovery in the
short term, mainly in the early stages,” although there is no evidence of long-term efficacy.” The infiltrations of
hyaluronic acid seem to reduce synovial inflammation by acting at the level of cytokines, consequently reducing pain
and improving functional activity. In the literature, however, there is conflicting evidence regarding the actual effective-
ness of this treatment.?* Hydrodilatation is a technique that involves the injection of physiological solution and anesthetic
with or without corticosteroids inside the joint with the aim of decreasing intra-articular pressure by breaking the capsular
adhesions and consequent expansion of the joint space. In the literature, there is no consensus on the dosage and volume
of the injection or if capsular rupture was related to the better outcome and moreover, although it is often recommended
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to administer corticosteroids in hydrodilatation, there are no reliable data that confirm the greater effectiveness of this
technique compared to simple steroid infiltration.*

Although it is not possible to define a univocal protocol to date, rehabilitation treatments play a pivotal role in the
management of FS, and comprise patient education, stretching exercises, joint mobilization, and manual therapy.**>>’

Physical modalities such as low-level laser therapy (LLLT), magnetotherapy, ultrasound (US) therapy, and transcu-
taneous electrical nerve stimulation (TENS) are also commonly used.*®>°

Manipulation under anesthesia (MUA) is another possible procedure which involves scapular stabilization with
subsequent flexion, extension, abduction, adduction, internal and external rotation of the shoulder until reaching the
final degrees of movement following anesthesia. Today it is considered a routine procedure, but the evidence supporting
the MUA is equivocal. No differences have been reported in the literature at 1, 3, 6 and 12 months between MUA and
conventional physiotherapy exercises, and iatrogenic damage including haemarthrosis, SLAP lesions, partial thickness
tears of subscapularis, osteochondral defects and labral detachment may also be found following manipulation.®'

In the event that there are no satisfactory results with conservative treatment, open capsular release surgery or
arthroscopy can be used.’

In light of these considerations, the purpose of this umbrella review of systematic reviews was to investigate the
effects of non-surgical and rehabilitative interventions in patients suffering from FS with reference to specific rehabilita-

tion protocols and techniques.

Materials and Methods
Search Strategy

A review of the scientific literature was carried out from 2010 until April 2020 using the following search databases:
PubMed, Medline, PEDro, Scopus and Cochrane Library of Systematic Reviews. A combination of terms was used for
the search: frozen shoulder OR adhesive capsulitis AND systematic review OR meta-analysis AND rehabilitation NOT
surgery NOT surgical intervention.*?

The first version of this article was made in 2020, taking into consideration the articles related to the previous
10 years.

Selection Process

After the manual removal of duplicates, two reviewers independently screened all papers for eligibility. In case of
disagreement, a consultation of a third reviewer allowed a consensus. Articles were considered eligible if responding to
the questions defined by the following PICO model:

A population (P) of men and women over 18 years of age with a diagnosis of FS was selected. The intervention (I)
was rehabilitation treatment, including manipulations under anesthesia, Mulligan or Maitland manipulations, passive,
active-assisted or active mobilizations, ROM exercise, hydrodilatation, physical modalities, proprioceptive neuromus-
cular facilitations (PNFs), stretching exercises, acupuncture, both oral and intra-articular corticosteroid, suprascapular
nerve block and occupational therapy. Comparison (C) between different rehabilitative approach and with other types of
interventions, such as surgical or medical conservative therapy, was taken into account. Studies that included at least one
of the following outcomes (O) were considered eligible: pain assessment by scales; ROM measurement by electronic or
traditional goniometer; evaluation of shoulder function and related disability using scales such as the Shoulder Pain and
Disability Index (SPADI), Constant-Murley Shoulder Score (CSS), American Shoulder and Elbow Surgeons (ASES) or
the Simple Shoulder Test (SST); quality of life, assessed with specific validated questionnaires; strength assessment.

All the systematic reviews and meta-analyses of the last 10 years that had FS or frozen shoulder as the main topic
were included. We excluded 1) studies with other design; 2) studies written in a language different from English; 3) full-
text unavailability; 4) studies not mentioning a physiotherapy treatment; and 5) studies where FS or adhesive capsulitis or

was not the main topic.
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Data Extraction
Two reviewers independently extracted data from included studies using a customized data extraction on a Microsoft
Excel sheet. In case of disagreement, the consensus was achieved through a third reviewer.

The information obtained included 1) date of publication; 2) research period; 3) characteristics of the studies included
and participants in the studies; 4) interventions; 5) main outcomes; 6) main results; and 7) limitations.

Quality Assessment

All the systematic reviews and meta-analyses included in the study that met the inclusion criteria were assessed using the
Assessment of Multiple Systematic Reviews (AMSTAR) as a quality assessment tool.>*> AMSTAR checklist compre-
hends 11 questions, with a yes/no answer, investigating the overall quality of a systematic review. Evidence was
interpreted based on the AMSTAR score of each individual article (see Table 1 for further details).

Results
Fourteen systematic reviews were included in this umbrella review, as shown by the PRISMA flow chart in
Figure 1. The characteristics of these studies are detailed in Table 2. The included studies®”**** have been
published between 2010 and 2019. Thirteen studies assessed pain with VAS scale,?®>*373%¢ 11 investigated
shoulder ROM,*** 4942745 () evaluated shoulder function and disability with specific scales (DASH, SPADI,
Constant, SST, ASES and SRQ).?%-3%36:39:40:42.44°46 ANMQTAR score of the included SR ranged from 5/11 to 10/11.
Alsubheen et al** published a metanalysis (AMSTAR score of 8/11) of eight randomized controlled trials (RCT),
assessed through the GRADE (Grading of Recommendations, Assessment, Development and Evaluations), that included
one or a combination of nonsurgical interventions in adult patients with diabetes: physiotherapeutic interventions
(including mobilization techniques, exercises, electrotherapy, and patient education), corticosteroid injection, MUA,
hydrodilatation, and suprascapular nerve block. Pain, shoulder ROM and function were the outcome measures. This
study has some limitations due to the heterogeneity of the interventions and to the very limited literature on the
effectiveness of physiotherapeutic interventions, corticosteroids injection, and other nonsurgical interventions for the
treatment of FS in patients with diabetes. Moreover, there is no agreement on a univocal rehabilitation protocol or on
exercise programs shared between the RCT analyzed, nor information on the duration of the intervention. In detail, joint
mobilization plus exercises, continuous passive motion with electrotherapy, and LLLT showed greater effects (better
outcomes) on pain, ROM, and function than other physiotherapeutic interventions. In addition, corticosteroids plus
exercise were found to reduce pain, improve shoulder function and ROM when compared to NSAIDs plus exercise. A
meta-analysis of 3 RCTs with severe heterogeneity revealed a short-term effect of corticosteroids over joint mobilization

Table | Assessment of Multiple Systematic Reviews (AMSTAR) Criteria for the Quality Scoring of
the Systematic Review Included

Selection Criteria Score
I. Was an “a priori” design provided? | point
2. Was there duplicate study selection and data extraction? | point
3. Was a comprehensive literature search performed? | point
4. Was the status of publication (ie, grey literature) used as an inclusion criterion? | point
5. Was a list of studies (included and excluded) provided? | point
6. Were the characteristics of the included studies provided? | point
7. Was the scientific quality of the included studies assessed and documented? | point
8. Was the scientific quality of the included studies used appropriately in formulating conclusions? | | point
9. Were the methods used to combine the findings of studies appropriate? | point
10. Was the likelihood of publication bias assessed? | point
I'l. Was the conflict of interest included? | point

Notes: Adapted from Shea BJ, Grimshaw JM, Wells GA et al. Development of AMSTAR: a measurement tool to assess the
methodological quality of systematic reviews. BMC Med Res Methodol. 2007;7:10.3*
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Records identified on PubMed Records identified on other
(135) databse (22)
Records after deleting duplicates
(103) Records excluded (54)
1 . - Not in English (5)
1 ¥ - After reading the abstract (37)
- >10 years (12)
Screened records (31) - Full-text not avaible (18)
Full-text article assessed for
eligibility (31) Records excluded (9)
- Not rehabilitative article (6)
| R - No disclosure of interest (3)
¥
Studies included in the
qualitative summary (22)
1 . Records excluded (N = 8)
L § Y - Unclear or incorrect
methodology
Studies included in the
quantitative summary (14)

Figure | PRISMA study flow chart.
Notes: PRISMA figure adapted from Page MJ, Moher D, Bossuyt PM et al. PRISMA 2020 explanation and elaboration: updated guidance and exemplars for reporting
systematic reviews. BMJ. 2021 Mar 29;372:n160. Creative Commons.*

plus exercises on pain, ROM, and function. Similarly, corticosteroid injection was found to provide small short-term
benefits on pain when compared to joint mobilization, with poor evidence. However, joint mobilization plus exercises
and LLLT were found to reduce pain and improve function in another systematic review with no formal meta-analysis or
effect size calculations.’® Two systematic reviews with high-risk RCTs,*'*? which recommended the use of LLLT and
corticosteroids to reduce pain and the use of joint mobilization to improve shoulder ROM and function, agree with the
findings of the current review. Lastly, MUA did not show additional benefits over the use of other nonsurgical or surgical
interventions. They conclude that there is very low-quality evidence that a combination of physiotherapeutic interven-
tions (exercises, modalities, mobilization), NSAIDs, and/or corticosteroid injections can have negligible to major effects
in improving shoulder function or disability, ROM, and pain levels in managing FS in patients with diabetes. In order to
determine the best intervention for managing FS in patients with diabetes, future high-quality RCTs are needed.

Blanchard et al*> published a systematic review (AMSTAR score of 7/11) of 6 articles aimed to determine the
effectiveness of corticosteroid injections compared with physiotherapeutic interventions for the treatment of FS. The
primary outcomes were pain, external rotation, and shoulder disability/function. A limitation to the study design is that it
selected RCTs that included neither a precise disease staging nor a control group. However, the study results suggest that
corticosteroid injections have a greater short-term effect than physiotherapeutic interventions. This effect decreased over
time, with only a small not statistically significant effect in favor of injections in the longer term. This review also
showed that both physiotherapeutic interventions and corticosteroid injections alone were more effective than the control
groups. Therefore, these findings suggest that both physiotherapists and medical practitioners should consider giving a
corticosteroid injection as an initial treatment for this condition but should not overlook more traditional physiother-
apeutic interventions.

Eljabu et al,>® in a systematic review (AMSTAR score of 5/11) of seven studies, evaluated different therapeutic
options for the treatment of FS. They examined both surgical and non-surgical interventions, and among these oral and
intra-articular injections of corticosteroids and stretching exercise program. The flaws of this review are the low quality
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Table 2 Main Characteristics of the Included Systematic Reviews

(18 RCT)
Pz?

-Steroid injection
-Physiotherapy
-Acupuncture
-Suprascapular nerve block

laser therapy and steroid injections
for the treatment of FS pain in the
short term

-Moderate evidence in favor of short-
and long-term mobilization
techniques and medium-term steroid
injections for ROM recovery
-Moderate evidence was highlighted
for the effectiveness of relaxation
alone and in addition to active
physiotherapy in the short term
-Moderate evidence in the short
term was found for the effectiveness

of oral steroids

definition of frozen shoulder
Differences in the selection
criteria

Heterogeneity of the

interventions

Author Type Topic Outcome | Results Limits AMSTAR
Measures
Alsubheen et al Systematic review -Mobilization techniques VAS, ROM, | Very low-quality evidence that a -Heterogeneity of the 8/11
(2019)** (8 RCT) Exercises SPADI, combination of physiotherapeutic interventions.
225 patients -Electrotherapy CSS, ASES, | interventions can improve shoulder -No agreement on a univocal
-Patient education SST function and ROM rehabilitation protocol.
-Corticosteroid injection -Duration of the intervention
-MUA not specified.
-Suprascapular nerve block
Blanchard et al Systematic review Corticosteroid injections alone VAS, ROM, | -Corticosteroid injections have They selected RCTs that did not | 7/11
(2010)* (6 RCT) or with physiotherapeutic SPADI, greater effect in the short term include a precise staging of the
407 patients interventions: SDQ compared with physiotherapeutic disease nor a control group.
-passive/active mobilizations interventions
-active exercise -Both physiotherapeutic
-strengthening exercise interventions and corticosteroid
-electrotherapy injections alone were more effective
than the control groups
Eljabu et al (2018)% Systematic review of 6 articles Intra-articular injections of CSS, SST, Standardized non-operative Low quality of the selected 5/11
(retrospective study, case series cortisone and stretching exercise | VAS, treatment programs are an effective | articles and the differences
and RCT) programs DASH, alternative to surgery in most cases | among treatment protocols
786 patients ROM
Favejee et al (2011)” | Systematic review -Oral steroids ROM, VAS | -Strong evidence for the efficacy of Lack of an unambiguous 711
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Grant et al (2013)% Systematic review of 22 articles - MUA ROM No clear difference in shoulder ROM | Low-quality of the evidence 711
(case series and retrospective -Arthroscopic capsular release or patient-reported outcomes when | provided.
cohort studies) comparing a manipulation under
1000 patients anesthesia to an arthroscopic
capsular release
Jain et al (2014)*° Systematic review -LLLT VAS, ROM, | -Therapeutic exercises and Methodological limitations: only | 5/11
(39 articles) -High-grade posterior Css, mobilization are strongly 12 studies were considered high
Pz? Mobilization DASH, recommended for reducing pain, quality, the results must be
-Mobilization-with- movement ASES, improving ROM and function in viewed in perspective of the
-Occupational therapy HAQ, SF- patients with stages 2 and 3 of frozen | good methodological quality of
-Continuous passive motion 12, SDQ, shoulder. While high grade posterior | the individual studies
-Cyriax approach SPADI, mobilization along with self exercises
-Us SRQ is recommended for improving
passive external rotation and
abduction ROM, high grade
mobilization and mobilization with
movement along with self exercises
are recommended for improving
function.
-Low-level laser therapy is strongly
suggested for pain relief and
moderately suggested for improving
function but not recommended for
improving ROM.
Lowe et al (2019)* Systematic review -Joint mobilization and upper VAS, ROM, | High-grade mobilization may be Only 4 trials were evaluated as | 7/11|
(30 articles) extremity cycle ergometer vs SPADI, more effective than low-grade being at low risk of bias
Patients? ultrasound and exercises ASES mobilization
-Static progressive stretching plus
multimodal intervention vs
multimodal intervention
-Shortwave diathermy, passive
mobilization, and home exercise
-Intra-articular corticosteroid
injections
(Continued)
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Table 2 (Continued).

Author Type Topic Outcome | Results Limits AMSTAR
Measures
Noten et al (2016)*' Systematic review -High-intensity techniques VAS, -Mobilization techniques have -High risk of bias of the articles | 5/11
(12 articles) beyond the pain threshold LIKERT beneficial effects examined
810 patients -Cyriax approach -The Maitland technique and spine -The studies were overly
-Mulligan technique mobilizations combined with heterogeneous.
-Maitland technique glenohumeral stretching and both
-Angular mobilization, angular and translational mobilization
translational mobilization seem to be recommended
-Spine mobilizations combined
with glenohumeral stretching and
both angular and translational
mobilization
Page et al (2014)% Systematic review -LLLT SPADI, LLLT plus exercise for 8 weeks Lack of information about 10/11
(19 articles) -PEMF ROM, VAS, | appears more effective than exercise | patient’s follow-up
1249 patients -Us CSss alone in terms of pain and function.
-Phonophoresis
-Shortwave diathermy
-Interferential current
Page et al (2014)*? Systematic review -PNF VAS, A combination of manual therapy and | Lack of information about 9l
(32 articles) -Mulligan technique SPADI, exercise may not be as effective as patient’s follow-up
1836 patients -Maitland technique ROM corticosteroid injection in the short-
-TENS term
-Cyriax approach
-Stretching
-MUA
-Anterior and posterior glide
mobilizations
-Bare-handed exercises
-Dumbbell exercises
Saha et al (2019)* Systematic review US either alone or in combination | ROM, VAS It is hard to unequivocally state that | -Lack of large multicentric well- | 5/11

(2 articles)
100 patients

with non-electrotherapeutic

treatment/s

the continuous mode of US
treatment is beneficial in improving
the ROM

conducted RCT
-Sample too small
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Sun et al (2016)* Systematic review -Steroid injection SPADI, Steroid injections are more effective | Heterogeneity among the 711
(9 RCT) Phisiotherapy, such as ROM, VAS, | in the management of related analyzed studies
214 patients -Active glenohumeral motion SDQ disability, while physiotherapy
-Extracorporeal shockwave treatment in ROM improvement
therapy

-lce and hot pack, ultrasound
-PNF

-Transcutaneous electrical nerve
stimulation

-ROM exercises

-Maitland technique

-Stretching

-Codman exercises

-Infrared irradiation

Tedla et al (2019)* Systematic review PNF techniques SPADI, PNF is superior in decreasing pain Heterogeneity among the 711
(10 articles) ROM, SST, | and reducing disability, increasing analyzed studies
403 patients VAS ROM, and improving function
Uppal et al (2015)* Systematic review -Physiotherapy OSS, VAS, It cannot be determined which is the 5/11
(9 articles) -Both oral and intra articular LIKERT, most effective treatment.
419 patients steroid CSS, ASES
-Hydrodilatation
-MUA

-Arthroscopic capsular release

Abbreviations: RCT, randomized controlled trial; MUA, manipulation under anesthesia; VAS, Visual Analogue Scale; ROM, range of motion; SPADI, Shoulder Pain and Disability Index; CSS, Constant-Murley Shoulder Score; ASES,
American Shoulder and Elbow Surgeon score; SST, Simple Shoulder Test; SDQ, The Shoulder Disability Questionnaire; DASH, Disability of the Arm, Shoulder and Hand scale; LLLT, low-level laser therapy; US, ultrasound therapy; HAQ,
The Health Assessment Questionnaire Disability Index; SF-12, The Short Form (12) Health Survey; SRQ, The Shoulder Rating Questionnaire; LIKERT, Likert scale; PEMF, Pulsed Electromagnetic Field Therapy; PNF, Proprioceptive
Neuromuscular Facilitation; TENS, Transcutaneous Electrical Nerve Stimulator; OSS, Oxford Shoulder Score.
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of the selected articles and the differences among treatment protocols. Nevertheless, the reviewed studies suggest that
spontaneous recovery to normal levels of function is possible and standardized non-operative treatment programs are an
effective alternative to surgery in most cases. However, patients with high-risk factors such as diabetes mellitus, and
those who have chronic symptoms or who are bilaterally affected, would benefit from early arthroscopic capsular release.
These studies showed that development of symptoms is directly correlated to anatomical deterioration.

Favejee et al’’ carried out an extensive review (AMSTAR score of 7/11) to provide an evidence-based overview
regarding the effectiveness of conservative and surgical interventions to treat FS. Among others, 5 Cochrane reviews and
18 RCTs were included, studying the effectiveness of oral medication, injection therapy, physiotherapy, acupuncture,
arthrography distension and suprascapular nerve block (SSNB). The first limitation is due to the lack of a unique
definition of FS as there are important differences in the selection criteria (the authors used the definition of ROM
restriction in all directions). Secondly, there are important differences among the study designs, mainly due to the
heterogeneity of the interventions as well as the differences in the outcomes used in the various studies. In two high-
quality studies analyzed by the author, there is strong evidence for the efficacy of LLLT and steroid injections for the
treatment of FS pain in the short term. Another RCT showed moderate evidence in favor of short- and long-term
mobilization techniques and medium-term steroid injections for ROM recovery. In particular, end-range mobilizations,
compared to mid-range mobilizations, are more effective as regards the scapulohumeral rthythm. Moreover, moderate
evidence was highlighted for the effectiveness of relaxation alone and in addition to active physiotherapy in the short
term. Furthermore, moderate evidence in the short term was found for the effectiveness of oral steroids compared with no
treatment or placebo and SSNB compared with acupuncture, placebo, or steroid injections. Another high-quality RCT
showed that the combination of MUA and exercises is more effective than single exercises in terms of improving ROM
after 3 months of follow-up. Most of the studies reported short-term results, whereas symptoms of FS may last up to 4
years. High-quality RCTs studying long-term results are clearly needed in this field.

Grant et al,”® in a systematic review (AMSTAR score of 7/11) including 22 studies, studied differences in the clinical
effectiveness of arthroscopic capsular release compared to MUA in patients with recalcitrant idiopathic FS. The
outcomes were as follows: shoulder ROM, patient-reported outcomes, and complications. This study has a number of
limitations that are primarily related to the quality of the available evidence. In addition to one study that compared MUA
to a capsular release performed only when MUA did not result in acceptable ROM, there were no studies that directly
compared the outcomes of MUA to an arthroscopic capsular release in idiopathic or secondary-systemic FS patients.
There is no clear difference in shoulder ROM or patient-reported outcomes when comparing a MUA to an arthroscopic
capsular release for the treatment of recalcitrant idiopathic or secondary-systemic FS. A high-quality study is required to
definitively evaluate the relative benefits of these procedures.

Jain et al,*® in their systematic review published (AMSTAR score of 5/11) including 39 studies, evaluated the best
available evidence for the use of physical therapy interventions in treatment of FS. Therapeutic exercises and mobiliza-
tion are strongly recommended for reducing pain, improving ROM and function in patients with stages two and three of
FS. This study suffers from predominantly methodological limitations. Since only 12 studies were considered high
quality, the results must be viewed in perspective of the good methodological quality of the individual studies. There is
limited literature on the effectiveness of specific exercise regimen for the treatment of FS. LLLT is strongly suggested for
pain relief and moderately suggested for improving function but not recommended for improving ROM. This article
therefore provides a grade A recommendation for the use of LLLT for pain management, grade B for the recovery of
shoulder function, while being unable to provide recommendations regarding ROM recovery. Corticosteroid injections
can be used for stage 1 FS. Acupuncture with therapeutic exercises is moderately recommended for pain relief,
improving ROM and function. Electro-therapy can help in providing short-term pain relief. Continuous passive motion
is recommended for short-term pain relief but not for improving ROM or function. Diathermy can be used for pain relief
and improving ROM. It is not yet possible to provide recommendations regarding the use of US for pain relief,
improving ROM or function.

Lowe et al*® analyzed in a systematic review (AMSTAR score of 7/11), including 30 trials, the clinical effectiveness
of non-surgical interventions for people with primary FS. The outcomes were as follows: adverse events, pain, range of
shoulder joint motion, self-reported function and disability, strength, quality of life, recovery time to recreation and return
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to work. A limitation is that only four trials were evaluated as being at low risk of bias with different methods,
interventions and outcomes used across the trials. As regards manual therapy, the authors find out that high-grade
mobilization may be more effective than low-grade mobilization in a population of patients who have already had
physiotherapy and/or steroid injection. The question whether the addition of a daily static stretching program plus
multimodal treatment improves range of movement, DASH scores and pain when compared with the multimodal
treatment program alone, still requires further investigation and longer-term follow-up. As regards injection therapy,
they recommend the use of corticosteroids and a home-based exercise program for people with a duration of FS
symptoms less than 6 months.

Noten et al*' compiled a systematic review published (AMSTAR score of 5/11) of 12 RCTs (810 participants),
investigating the efficacy of different articular mobilization techniques in patients with primary FS of the shoulder. The
outcomes were ROM and pain. The main limitation of this review is the risk of bias; most studies failed to achieve
blinding of the patients, therapist and assessor and concealment of allocation items were often not attained. Additionally,
the studies were overly heterogeneous. Inclusion criteria varied among several studies (eg, duration and classification of
injury, magnitude of loss of ROM). Most of the mobilization techniques included patients in the stiff phase, whereas
some studies did not specifically report the phase. Therefore, the timing of the therapy at specific times in the disease’s
progress is an important issue for future research. Follow-up, total duration, and frequency of the therapy also varied
among studies. In this review, the following seven types of mobilization techniques were evaluated: angular mobilization,
translational mobilization, spine mobilizations combined with glenohumeral stretching and both angular and translational
mobilization, high-intensity techniques beyond the pain threshold, Cyriax approach, Mulligan technique, and Maitland
technique. It turned out that mobilization techniques have beneficial effects in patients with primary FS of the shoulder.
Particularly, the Maitland technique and spine mobilizations combined with glenohumeral stretching and both angular
and translational mobilization seem to be recommended at the moment.

Page et al,” in a review (AMSTAR 10/11) of 19 trials (1249 participants), assessed through the GRADE, analyzed
the evidence regarding the benefits and harms of electrotherapy modalities, delivered either alone or in combination with
other interventions, for the treatment of FS. The most interesting findings were participant-reported pain relief of 30% or
greater, overall pain, function, global assessment of treatment success, active shoulder abduction, quality of life, and the
number of participants experiencing any adverse event. The weakness of this study is the lack of information about
patient’s follow-up. Based upon low-quality evidence from one trial, LLLT for 6 days seems more effective than placebo
in terms of global treatment success at 6 days. Based upon moderate quality evidence from another trial, LLLT plus
exercise for 8 weeks appears more effective than exercise alone in terms of pain up to 4 weeks and function up to 4
months. It is unclear whether Pulsed electromagnetic field (PEMF) is effective than placebo, or whether other electro-
therapy modalities are an effective adjunct to exercise. As for the US, in a study by Page’s review, US, “hot packs” and
exercises are compared with US placebos, hot packs and exercises. There were no significant differences in pain, but only
an improvement in function at 2 weeks and 3 months and in quality of life at 3 months. Given the low quality of the
study, it is not possible to state the effectiveness of US compared to hot packs. With regard to the use of short-wave
diathermy, this type of treatment was analyzed in a trial in the Page review, showing an improvement in function at 4 and
8 weeks and an improvement in ROM in particular in external rotation. However, the study is of low quality, hence no
recommendations can be given on the use of diathermy in the treatment of FS. There are no studies in the literature that
can recommend the use of TENS except in combination with other therapies, but these are poor quality studies. The
effectiveness of this therapy in the treatment of FS remains to be fully ascertained. Further high-quality randomized
controlled trials are needed to establish the benefits and harms of physical therapy interventions compared to interven-
tions with evidence of benefit (eg, corticosteroid injection or arthrographic joint distension).

Page et al,** in a subsequent review (AMSTAR 9/11) of 32 trials (1836 participants), assessed through GRADE,
summarize available evidence regarding the benefits and harms of manual therapy and exercise, alone or in combination,
for the treatment of patients with FS. The main findings were participant-reported pain relief of 30% or greater, overall
pain (mean or mean change), function, global assessment of treatment success, active shoulder abduction, quality of life
and the number of participants experiencing adverse events. The weakness of this study is the absence of indications
about patient’s follow-up. The authors show that a combination of manual therapy and exercise may not be as effective as
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corticosteroid injection in the short-term. It is unclear whether a combination of manual therapy, exercise and electro-
therapy is an effective adjunct to corticosteroid injection or oral NSAID. Following arthrographic joint distension with
corticosteroid and saline, manual therapy and exercise may confer effects similar to those of sham US in terms of overall
pain, function and quality of life, but may provide greater patient-reported treatment success and active range of motion.

Saha et al,*® in an extensive review (AMSTAR 5/11) including two RCTs, compared the therapeutic effects of the
continuous mode of US either alone or in combination with non-electrotherapeutic treatment/s versus placebo and (or)
non-electrotherapeutic treatment/s on shoulder joint ROM in primary FS patients. The quality of this study is limited by
the reduced number of RCTs analyzed in a review dealing with studies carried out over 40 years (from 1979 to 2019) and
by a lack of large multicentric well-conducted RCTs. In the first study, two groups were compared, the intervention group
receiving hot packs, a continuous exercise and US program, and a control group receiving placebo US. In both groups,
there was a significant improvement in ROM. In the second study, both groups (intervention and control) underwent
physical exercises and stretching, the intervention group receivied US. Both groups had a significant increase in ROM,
with no differences between groups. They conclude that it is hard to unequivocally state that the continuous mode of US
treatment is beneficial in improving the ROM in different directions in primary FS patients due to the lack of rigorously
conducted large multicentric trials of a relatively longer duration.

Sun et al,** in a broad review (AMSTAR score of 7/11) of nine RCTs (453 participants), assessed using PEDro scale,
compared the effect of steroid injection and physiotherapy (including active glenohumeral motion, extracorporeal
shockwave therapy, ice and hot pack, ultrasound, and proprioceptive neuromuscular facilitation) for patients with FS.
The primary outcome was functional improvement, and its main limitation is the heterogeneity among the analyzed
studies. Sun®® examined only one study about PNF, which involved comparing steroid injections and PNF associated
with Maitland mobilization and active exercises. From this study, it emerges that steroid injections are more effective in
the management of related disability, while physiotherapy treatment in ROM improvement, particularly in external
rotation at 6 weeks after treatment.

Tedla et al,*® in their review (AMSTAR 7/11) including 10 full-length articles, analyzed the effect of various PNF
techniques applied to FS and to determine the effective treatment parameters. The additional aim of the study was to
conduct a meta-analysis to ascertain the effectiveness of PNF on improving shoulder external rotation and abduction
ROM and reducing pain in FS. However, the limitations of this study arise when combining RCTs with one partly
experimental study, combining single-session studies with multiple session studies, and combining various methods of
PNF treatments. In this review, nine RCTs showed that the PNF group is superior in decreasing pain and reducing
disability, increasing ROM, and improving function. The meta-analysis not only showed a significant effect but also that
the PNF is superior to conventional physical therapy in decreasing pain, increasing external rotation, and abduc-
tion ROM.

Uppal et al*®

published a comprehensive review (AMSTAR score of 5/11), selecting nine studies, aimed to analyze
the evidence of the available treatments for FS such as physiotherapy, both oral and intra-articular steroid, hydrodilata-
tion, MUA and arthroscopic capsular release. Despite the quality of FS publications, it cannot be determined which is the
most effective treatment.

Discussion

The purpose of this umbrella review of systematic reviews is to analyze the literature in order to investigate the effect of
the different rehabilitation interventions in the management of patients suffering from FS. The scientific literature
includes multiple studies, with a great variability of quality and objectives, relating to rehabilitation interventions
concerning the most suitable treatment to be administered in patients with FS.

For the diagnosis, several authors report an acknowledged lack of specific diagnostic criteria for this condition.?->+3-384146
Due to this lack of gold standard criteria, there may be a heterogeneity in the diagnosis of the reviews analyzed. Some reviews
specify that they included trials that selected participants suffering from pain and restriction in shoulder joint ROM in one or more
planes™ or two or more planes.*>*’ Several different interventions are used in the common clinical practice for treatment of FS,
aimed at reducing pain and recovering ROM and function of shoulder joint with beneficial effects on the activities of daily
living,!—3782429:3446 1y recent years, there has also been an increase in the diagnosis of FS, probably as a consequence of the
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change in the life and work habits of the general population and in addition to a clearer diagnostic path.*® In the past, there was a
tendency to group different pathologies under an umbrella term as “scapulohumeral periarthritis”.** Nowadays, different
rehabilitation treatments have been proposed in the scientific literature.'*® As often happens, it is difficult to make a comparison
between rehabilitation interventions (as physiotherapy, physical agent modalities, infiltrative therapy, etc) in terms of safety and
effectiveness in patients with FS.

Physical Therapies and Pain in FS
Firstly, we summarized the current evidence in the scientific literature on management of pain in FS, reporting the results
of the above-mentioned systematic reviews, according to the following physical therapies:

Low-Level Laser Therapy (LLLT)

In the literature, a growing number of evidence are in favor of LLLT by virtue of its bio stimulating effects in terms of
pain reduction compared to placebo. Among the physical therapies, it is the one that shows the most evidence of

efficacy.?**°

Ultrasound
Based on the evidence analyzed, the use of ultrasound seems to lead to an improvement in ROM in the short term, as

well as a slight effect on the reduction of pain.?*>%*

Pulsed Electromagnetic Field (PEMF)

The only review that analyzed this type of treatment did not report statistically significant results in terms of ROM, pain,

and movement except for one study — of low quality — that reported an improvement in pain compared to placebo.?”***

Transcutaneous Electrical Nerve Stimulation (TENS)

There are no studies that can recommend the use of this therapy, except in combination with other therapies.?*-*3>4* 44

Short Wave Diathermy
The studies analyzed have provided conflicting recommendations regarding the use of this therapy for FS, as it is of low
quality. Therefore, no recommendations can be given on the use of diathermy in the treatment of FS.?**°

Rehabilitative Treatments and Pain in FS
The second question we asked ourselves was the following: What are the most used rehabilitation treatments, and which
ones with the highest level of effectiveness?

Mobilizations and Manual Therapy

Different rehabilitation methods were examined by the studies analyzed. The Mulligan method has been shown to be
more effective than the Maitland method for ROM and shoulder function, although both are effective for the treatment of
FS. Even compared to conventional stretching exercises, the long-term effectiveness is in favor of the Mulligan
technique. On the other hand, continuous passive mobilization was found to be better in reducing pain when compared

with active exercises.>437:39-42:44.46

Manipulation Under Anesthesia (MUA)

The studies analyzed in this regard do not allow us to make recommendations concerning the use of this method.

However, the combination of MUAs associated with a personalized exercise program is more effective than exercise

3101’16.34’38’42’46
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Proprioceptive Neuromuscular Facilitations (PNFs)
PNF treatment is superior to conventional physical therapy for pain reduction, ROM increase, improvement of function
in patients with FS. In addition, albeit it shows lower efficacy in the management of related disability compared with
steroids, it has greater efficacy in terms of ROM improvement, mainly due to extra rotation.*****¢

From the analysis of the 14 reviews, an important heterogeneity of the treatments analyzed, the outcomes used, and
the different treatment and follow-up times emerged as well as the importance of rehabilitation treatment in the reduction
of pain and the improvement of function, such as therapeutic exercise, manual therapy, PNF physical modalities. Among
the available evidence regarding physical modalities, LLLT seems to be the only one that leads to effective improvement,
even if analyzed only in the short term, in particular for the reduction of pain and the increase in functionality, according
to literature.?*-'-?

Indeed, LLLT in FS is thought to induce pain reduction acting on several cellular mediators as prostaglandin E2, prostaglan-
din-endoperoxide synthase-2, interleukin 1-beta, tumor necrosis factor-alpha, and reducing oxidative stress and tissue edema.”'

Regarding the other physical therapies examined by the reviews analyzed, given the poor quality and quantity of
studies in the literature, no recommendations can be provided. Regarding the methods of mobilization and manual
therapy, encouraging results have emerged, despite heterogeneity in the methods and timing of treatment, so that it is not
possible to make recommendations. Most of the evidence regarding manual therapy techniques has compared manual
therapy with corticosteroid injections. These showed greater efficacy in the short term, but not in the long term with no
statistically significant differences in long term.** 3737424446 The techniques of MUA, arthroscopic capsular release and

34.38.4246 Sun** suggests manual therapy as the

corticosteroid injections have shown comparable efficacy to each other.
treatment of choice in patients with FS and DM, based on the results and low contraindications. In fact, corticosteroid
injection may potentially affect the blood glucose; however, there are more evidence showing that the single injection
may not have significant influence in patients with concomitant DM and FS.

The multidisciplinary management of these patients through professionals of medicine, surgery, physiotherapy allows

the improvement of the functional outcomes and the quality of life of the patients.

Strength and Limitations of the Included Studies

All the studies agree on the lack of high-quality scientific work to prove unequivocally which treatment is better than the
other.?**™¢ Various methods have been analyzed, also in combination, but none of them led to appreciable results in
order to make recommendations with strong scientific evidence in favor.

Strength and Limitations of the Study

Surely, the strongest limitation is represented by the fact that our article is an umbrella review, which does not compare
the results of the various articles included from a statistical point of view. Another limitation is that only articles
published in the 10 years prior to 2020 were included.

Conclusions

Taken together, findings of this umbrella review of systematic reviews showed a lack of evidence of high-quality studies
analyzing the effects of rehabilitative approaches on the management for FS, albeit they showed intriguing results.
Further studies are needed to better assess the efficacy of the various rehabilitation interventions in patients with FS,
starting from an adequate diagnosis.
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