Comparison of the Effectiveness of Suprascapular Nerve Block with Physical Therapy, Placebo, and Intra-articular Injection in Management of Chronic Shoulder Pain- a Meta-analysis of Randomized Controlled Trials

Abstract
Background: Suprascapular nerve block (SSNB) is widely used in the management of shoulder pain, but its true efficacy may vary in various study populations and in comparison with different reference treatments.
Objectives: To explore the effectiveness of SSNB at different times after administration compared with physical therapy, placebo, and intra-articular injections in patients with chronic shoulder pain.
Study Design: Meta-analysis of randomized controlled trials (RCTs)
Methods: Electronic databases were searched for RCTs published up to September 2015 comparing SSNB with physical therapy, placebo, and intra-articular injections. The standardized mean differences (SMDs) of pain relief and functional improvement were calculated 1, 4, and 12 weeks after intervention. A subgroup analysis was conducted based on different reference treatments, study populations, guidance techniques, and use of pulsed radiofrequency. 
Results: Eleven RCTs were included, comprising 591 patients. Regarding pain relief, SSNB provided better pain relief for 12 weeks compared with physical therapy (12 weeks: SMD, 0.75; 95% confidence interval [CI], 0.35 to 1.14) and placebo injections (12 weeks: SMD, 0.70; 95% CI, 0.40 to 1.00), but was not superior to intra-articular injections. Differences in patient populations and use of pulsed radiofrequency did not cause a significant variation in therapeutic efficacy, but guidance using ultrasound showed consistently better effectiveness than guidance using surface landmarks and fluoroscopy. 
Conclusions: This meta-analysis demonstrated the superiority of SSNB to placebo and physical therapy and a similar efficacy of SSNB compared with intra-articular injection for treatment of chronic shoulder pain. Ultrasound was the most preferable guidance tool and future studies are advised to integrate physical therapy in order to improve the long-term effectiveness of SSNB. 
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Introduction
    Shoulder pain is the third most prevalent type of musculoskeletal disorder following spinal and knee pain and has a tremendous psychosocial impact when it progresses to the chronic stage (1). The origins of shoulder pain are multiple, and can include the muscles and tendons of the rotator cuff as well as the bony structures and ligaments of the glenohumeral, acromioclavicular, and sternoclavicular joints. The presentations of shoulder pain pathology are also diverse, comprising tendon tears, tendinopathy, ligamentous instability, bursitis, and arthropathy. Oral medication, physical therapy, and intra-articular corticosteroid injection are common approaches to treatment but the effectiveness of these interventions may be disappointing in cases with long-standing shoulder pain (2-5). 
    The suprascapular nerve, stemming from the ventral rami of spinal nerves C4,
C5, and C6 and emerging from the upper trunk of the brachial plexus, provides 70% of sensory innervations to the shoulder joint (6). In patients with chronic shoulder pain, the afferent fibers of the suprascapular nerve can become entrapped by injured tissues or sensitized after long-term unresolved pain (7). Suprascapular nerve block (SSNB) is widely used in the management of acute and chronic shoulder pain (8). However, the effects of this treatment vary in various study populations and in comparison with different reference treatments. Another concern is the short duration of action of local anesthetics, raising the question of their capability to counteract chronic shoulder pain. The use of pulsed radiofrequency in addition to SSNB is also of interest for its potentially superior and longer lasting effect as compared to local anesthetics alone. Until now, no quantitative analysis has investigated the efficacy of SSNB against chronic shoulder pain by scrutinizing evidence from randomized controlled trials (RCTs). Therefore, the present meta-analysis aimed to explore the effectiveness of SSNB at different times after administration compared with physical therapy, placebo, and intra-articular injections in patients with chronic shoulder pain. Our hypothesis was that SSNB would only provide short-term pain relief in our research population. 
Material and Methods
Search Strategy
We searched two electronic databases, PubMed and Scopus, from the earliest record to September 2015 for relevant articles. PubMed is a free web search tool and indexes most biomedical publications, and Scopus was employed to check whether all the relevant research studies were peer-reviewed (9,10). We also searched the Cochrane Collaboration Central Register of Controlled Clinical Trials, Cochrane Systematic Reviews, ClinicalTrials.gov, the bibliographies of included trials, and systematic reviews for suitable references. We enrolled RCTs investigating the effectiveness of SSNB against chronic shoulder pain compared with placebo, intra-articular injections of corticosteroid with or without local anesthetics, and physical therapy. Placebo treatment was defined as injection of normal saline into the subcutaneous region or the same area that was injected in the intervention group. Injections into the subdeltoid or subacromial spaces were considered as a single procedure of intra-articular injection. The key terms SSNB, shoulder pain, corticosteroid injection, and physical therapy were entered as medical subject headings and text words for searches. 
    The inclusion criteria were: (1) adult participants with shoulder pain for more than one month, (2) administration of SSNB in at least one treatment arm, and (3) implementation of quantitative measurement of pain reduction or functional improvement before and after interventions. The causes of shoulder pain could derive from degenerative tendinopathy or arthropathy, rheumatoid arthritis, adhesive capsulitis, or non-specific origins. The regimens for SSNB could include corticosteroid plus local anesthetics, local anesthetics alone, continuous infusion of local anesthetics, or pulsed radiofrequency therapy. We excluded studies investigating SSNB for management of acute post-surgical shoulder pain. Since our research study aimed to compare the efficacy of SSNB with other reference treatments, trials comparing different approaches to SSNB (surface landmark versus image-guided techniques) were not included in the present meta-analysis. 
Data Extraction and Quality Assessment 
All retrieved articles were evaluated by two authors independently. Patient demographics, regimens for SSNB and intra-articular injections, use of fluoroscopy or ultrasound guidance, conjunction with physical therapy, methods of randomization, and measurements of functional change and pain improvement were recorded. The quality of the included trials was assessed by the Jadad scale, a three-item, five-point quality scale (11). This scale appraises the appropriateness of randomization procedures, authenticity of double blindness, and documentation of withdrawals and dropouts. A study with less than 3 points was considered flawed in its methodology. Disagreements between the two evaluators during assessment of the selected trials were solved by discussions or judgment by the corresponding author. 
Data Synthesis and Analysis
    The effect size of pain severity, deriving from the visual analogue scale of pain at rest, was employed as the primary outcome, whereas the effect size of functional change, generated from various shoulder disabilities or functional scales, was regarded as the secondary outcome. The data were extracted at baseline and at the points closest to 1, 4, and 12 weeks after intervention. To estimate the effectiveness of SSNB compared with placebo, intra-articular injection, and physical therapy, we used the pooled standardized mean difference (SMD) between both treatment arms. Data were calculated from the ratio of the between-group difference to the standard deviation (SD) of the pooled results, as follows: (change of pain or functionSSNB – change of pain or functionreference) / pooled SD. Pooled SD was equivalent to the square root of {[(participant numbers in the SSNB arm – 1) × (SD of change in pain or function in the SSNB arm)2 + (participant numbers in the reference arm – 1) × (SD of change in pain or function in the reference arm)2] / [(participant numbers in the SSNB arm – 1) + (participant numbers in the reference arm – 1)]}. A positive value for effect size indicated a favorable result of SSNB compared with the other reference treatments.  
The SMDs were pooled by using the random effect model and I square and Cochran’s Q methods were used to evaluate the heterogeneity of the data (10,11). Whether the effect sizes were influenced by reference treatments, use of imaging guidance, patient groups, or application of pulse radiofrequency was determined by subgroup analysis. Funnel plots and Egger’s tests were employed to explore the publication bias, defined as the tendency for positive trials to be published and the tendency for negative and null trials not to be published (12). All analyses were conducted by using Stata 10.0 software (StataCorp, Texas, USA) and a p value of < .05 was considered statistically significant, except for in the analysis of publication bias, which used 0.10 as the cut-off point for significance.
Results
Study Search and Characteristics of Included Patients
  We screened 190 non-duplicate articles from the electronic databases and relevant registries searched and included 24 studies for detailed evaluation. We excluded 3 RCTs investigating SSNB for hemiplegic shoulder pain in stroke patients (13-15), 4 RCTs using SSNB for pain control after shoulder surgeries (16-19), 3 RCTs employing SSNB for pain relief after thoracic or laparoscopic surgeries (20-22), 1 RCT on reducing procedural pain for shoulder dislocation (23), 1 RCT comparing SSNB with pulsed radiofrequency and SSNB with lidocaine for chronic shoulder pain (24), and 1 RCT comparing SSNB with and without ultrasonographic guidance for peri-shoulder pain (25). 
The final meta-analysis retrieved 1 three-armed and 10 two-armed RCTs. The reference treatments were intra-articular injections of local anesthetics with or without corticosteroid in 4 arms (26-29), placebo injections in 3 arms (30-32), and physical therapy in 5 arms (29,33-36). In terms of guidance techniques, 2 RCTs used ultrasonographic guidance (29,35), 2 RCTs used fluoroscopic guidance (28,34), and the rest employed surface landmarks. Regarding the patient populations, 4 RCTS only recruited participants with frozen shoulder (26,30,35,36) while the remaining studies included a wide spectrum of shoulder disorders including rotator cuff tendinopathy, shoulder impingement syndrome, rheumatoid arthritis, degenerative arthropathy, and adhesive capsulitis. Pulsed radiofrequency was conducted in three of the selected trials (28,34,35).
The meta-analysis enrolled a total of 591 participants. Their ages ranged from 31 to 89 years with a symptom duration varying from 3 weeks to 600 months. The diagnosis of the participants’ shoulder disorders was based on clinical presentations and physical findings in most of the included RCTs. The results of quality assessment of each trial and patients’ demographics are documented in Table 1. The details of SSNB of included studies are listed in Table 2. 
SMDs of Pain Relief
[bookmark: _GoBack]    The pooled SMDs of pain relief after 1, 4, and 12 weeks are detailed in Figures 2, 3, and 4, respectively. In terms of pain relief in comparison with different reference therapies, the SMD of SSNB versus intra-articular injection was 0.19 (95% confidence interval [CI], -0.41 to 0.8) after 1 week, 0.33 (95% CI, -0.23 to 0.89) after 4 weeks, and 0.54 (95% CI, -0.30 to 1.38) after 12 weeks. The SMD of SSNB versus placebos was 0.44 (95% CI, 0.15 to 0.73) after 1 week, 0.60 (95% CI, 0.24 to 0.95) after 4 weeks, and 0.70 (95% CI, 0.40 to 1.00) after 12 weeks. The SMD of SSNB versus physical therapy was 1.02 (95% CI, 0.43 to 1.6) after 1 week, 0.74 (95% CI, 0.39 to 1.1) after 4 weeks, and 0.75 (95% CI, 0.35 to 1.14) after 12 weeks (Figures 2A, 3A, and 4A). 
    Regarding the use of imaging guidance, the SMD of SSNB in the trials guided by surface landmarks was 0.61 (95% CI, 0.21 to 1.01) after 1 week, 0.51 (95% CI, 0.25 to 1.78) after 4 weeks, and 0.73 (95% CI, 0.46 to 1.01) after 12 weeks. The SMD of SSNB in trials with fluoroscopy guidance was -0.26 (95% CI, -0.88 to 0.35) after 1 week, 0.08 (95% CI, -0.77 to 0.93) after 4 weeks, and 0.04 (95% CI, -0.53 to 0.62) after 12 weeks. The SMD of SSNB using ultrasound guidance was 1.13 (95% CI, 0.68 to 1.57) after 1 week, 0.94 (95% CI, 0.57 to 1.32) after 4 weeks, and 0.95 (95% CI, 0.58 to 1.33) after 12 weeks (Figures 2B, 3B, and 4B). 
Regarding differences in the patient populations, the SMD of SSNB in the group with a pure clinical diagnosis of frozen shoulder was 1.0 (95% CI, 0.44 to 1.56) after 1 week, 0.78 (95% CI, 0.45 to 1.12) after 4 weeks, and 0.93 (95% CI, 0.45 to 1.42) after 12 weeks. In the group with non-specific chronic shoulder pain, the SMD was 0.46 (95% CI, 0.03 to 1.88) after 1 week, 0.44 (95% CI, 0.11 to 0.78) after 4 weeks, and 0.58 (95% CI, 0.23 to 0.92) after 12 weeks (Figures 2C, 3C, and 4C).  
     Finally, the group with use of pulsed radiofrequency had a SMD of 0.35 (95% CI, -1.86 to 0.55) after 1 week, 0.37 (95% CI, -0.4 to 1.14) after 4 weeks, and 0.33 (-0.33 to 0.98) after 12 weeks. On the other hand, the group with administration of local anesthetics presented a SMD of 0.67 (95% CI, 0.34 to 1.0) after 1 week, 0.61 (95% CI, 0.36 to 0.86) after 4 weeks, and 0.8 (0.56 to 1.04) after 12 weeks (Figures 2D, 3D, and 4D).
SMDs of Functional Improvement
    The pooled SMDs of functional improvement after 1, 4, and 12 weeks are summarized in Table 3. Like the findings for the SMDs of pain relief, SSNB provided significantly better functional improvement as compared with placebo injection and physical therapy, except in the comparison with placebo injection after 12 weeks. There was no difference between SSNB and intra-articular injection. 
    Similarly, the SMDs between the group with a pure diagnosis of adhesive capsulitis and that with non-specific shoulder pain were not significantly different. Regarding imaging guidance, only the group using the ultrasound-guided technique had consistently better results across the three time points studied. Finally, the use of pulsed radiofrequency did not result in a superior functional change to the regimen of local anesthetics with or without corticosteroid.  
Adverse Events
    Among the 11 included trials, adverse events were clearly documented in 7 trials, 2 of which had no events for both the SSNB groups and reference treatments. The pooled odds ratio of overall adverse events of SSNB compared with reference treatments was -0.01 (95% CI, -1.22 to 1.20). 
Publication Bias 
     No publication bias or funnel plot asymmetry were detected in terms of the effect sizes of SSNB versus reference treatments for pain relief and functional improvement at all three time points. 
Discussion
     In the present meta-analysis, we examined the effectiveness of SSNB in the treatment of chronic shoulder pain by using data assembled from RCTs. SSNB provided better pain relief and greater functional improvement for at least 4 weeks as compared to placebo injections and physical therapy, but had similar results to intra-articular injection of the glenohumeral joints. Differences in patient groups and use of pulsed radiofrequency did not significantly increase the therapeutic efficacy of SSNB. However, the application of ultrasound guidance demonstrated consistently better effectiveness than guidance using fluoroscopy. No significant increase in rates of adverse events was noted in the SSNB group. 
    To date, there have been limited numbers of reviews specifically investigating the usefulness of SSNB for the treatment of chronic shoulder pain. In 2011, Chan et al. performed a comprehensive review regarding SSNB for shoulder pain relief in patients with rheumatologic disorders, malignancy, trauma, and post-operative pain after shoulder arthroscopy (37). Regarding chronic shoulder pain, they concluded that SSNB could provide more pain relief in patients with long-standing rheumatoid arthritis as compared with intra-articular injection of corticosteroid, as well as short-term pain reduction in persistent rotator cuff lesions. In the group with adhesive capsulitis, SSNB demonstrated a superior effect on pain alleviation but an inconsistent outcome for functional improvement. Although this article explored extensively the relevant anatomy, procedures, and efficacy in different patient categories of SSNB, the authors did not proceed to further quantitative analysis. Whether SSNB is more effective than placebo, physical therapy, and intra-articular injection remains an unresolved issue. Thus, the current meta-analysis is the first quantitative review to examine the effectiveness of SSNB for relieving chronic shoulder pain. 
    Our results showed that the use of SSNB was more effective than physical therapy and the effect lasted for at least 12 weeks. These findings might reflect the fact that neuropathic pain accounts for a substantial part of long-standing shoulder discomfort. Another reason for the reduced effectiveness of physical therapy could be pain of multiple origins, which is difficult to treat with a single physical modality or therapeutic exercise. The effectiveness of SSNB was also better than placebo injections, except with regards to functional improvement after 12 weeks. Finally, SSNB was not superior to intra-articular injection at all three time points investigated. Adhesive capsulitis contributed to a considerable portion of our study population and is responsive to intra-articular administration of corticosteroid with local anesthetics; the effect of this treatment is better than SSNB regarding anti-inflammatory actions and expansion of constrictive joint capsules. However, considering the detrimental effects of corticosteroids on articular cartilage, SSNB with local anesthetics can be regarded as an appropriate alternative for pain relief in patients with adhesive capsulitis. 
     Regarding the use of guidance techniques, ultrasound guidance of SSNB provided the most consistently favorable outcome. In comparison with fluoroscopy and surface landmark guidance, physicians can clearly visualize the suprascapular notch and fossa and even the nerve itself by ultrasound, making ultrasonographic imaging the best guidance technique. SSNB did not exert a different effect on patients with a pure diagnosis of adhesive capsulitis as compared with participants with chronic shoulder pain. This finding is as expected because the latter group also comprised a large fraction of patients with clinically diagnosed frozen shoulder. It was assumed that pulsed radiofrequency, which delivers an electric field and heat burst to selected neural tissues, would exhibit a better and longer effect than injections of local anesthetics alone. However, this hypothesis could not be proved based on our analysis. Since the procedure of pulsed radiofrequency only administers a small amount of local anesthetics, this finding might reflect the fact that suprascapular nerve entrapment plays an important role in chronic shoulder pain; this can be relieved by volume expansion associated with injection. 
    Our meta-analysis indicated that SSNB did not result in a higher rate of complications as compared with the other two treatments studied. Most of the adverse events recorded were ecchymosis or discomfort near the puncture sites. One case developed chest pain, which was proven unrelated to SSNB (31). One study reported catheter infection in 3 subjects treated with continuous infusion of local anesthetics, which emphasizes the importance of sterilization during SSNB (29). 
    The strengths of the present study included recruitment of RCTs and analysis of pain and functional outcomes at different time points, which provided high-quality evidence for the effectiveness of SSNB and its influence over time. Several limitations need to be acknowledged. First, the effective duration of local anesthetics (bupivacaine, lidocaine, and prilocaine) usually lasts for several hours, but our analysis indicated that the clinical efficacy of SSNB could persist for at least 4 to 12 weeks compared with placebo and physical therapy. Reduced central sensitization and better shoulder mobility after initial pain relief could both be potential mechanisms for this observation. Further functional imaging or electrophysiological studies are required to validate these hypotheses. Second, we did not explore the influence of additional physical therapy on SSNB because of significant heterogeneity in prescribed regimens. We believe that subsequent rehabilitation after SSNB is influential for long-term functional improvement, but a standardized post-procedure protocol should be implemented for further trials. 
    In conclusion, the present meta-analysis demonstrated better effectiveness of SSNB as compared with placebo injections and physical therapy and a similar efficacy as compared with intra-articular injection for the treatment of chronic shoulder pain. Ultrasound guidance was superior to surface landmark or fluoroscopy-guided techniques, and the use of pulsed radiofrequency did not lead to a more favorable outcome. SSNB is a safe procedure and future studies are advised to integrate physical therapy to improve its long-term effectiveness. 
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Figure Legends
Figure 1. Flow diagram showing the selection of articles for review. Abbreviation: PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

Figure 2. Forest plot of the standardized mean difference (SMD) of pain reduction 1 week after intervention based on differences in (A) reference treatments, (B) guidance techniques, (C) included patient groups, and (D) use of pulsed radiofrequency. * Indicates the treatment arm using physical therapy as the reference treatment. 

Figure 3. Forest plot of the standardized mean difference (SMD) of pain reduction 4 weeks after intervention based on differences in (A) reference treatments, (B) guidance techniques, (C) included patient groups, and (D) use of pulsed radiofrequency. * Indicates the treatment arm using physical therapy as the reference treatment. 

Figure 4. Forest plot of the standardized mean difference (SMD) of pain reduction 12 weeks after intervention based on differences in (A) reference treatments, (B) guidance techniques, (C) included patient groups, and (D) use of pulsed radiofrequency. * Indicates the treatment arm using physical therapy as the reference treatment. 
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