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ABSTRACT

Background: A proximal suprascapular nerve block has been suggested as an alternative to an interscalene 

brachial plexus block after arthroscopic shoulder surgery. The aim of this randomized controlled trial was to 

compare the analgesic and opioid sparing effect of a low volume proximal suprascapular nerve block with 

placebo in patients with moderate to severe pain after arthroscopic shoulder surgery.

Methods: Patients with a VAS (Visual Analogue Scale) score equal to or above 50 during the first 

postoperative hour after planned arthroscopic shoulder surgery were included in the study. They were 

randomized to an ultrasound-guided proximal suprascapular nerve block with either 5 mL ropivacaine 7.5 

mg/mL or 5 mL isotonic NaCl. Primary outcome was change in VAS score at rest from baseline to 30 minutes 

after the block procedure (T30). Secondary outcomes included total morphine consumption from 0-6 hours 

after block procedure.

Results: There was a significant difference in mean VAS reductions at T30 between the two groups favouring 

the ropivacaine group (-50.2 vs -26.8, p<0.001). Total intravenous morphine consumption from 0-6 hours 

after block procedure was significantly lower in the ropivacaine group compared to the placebo group (8.5 mg 

vs 18.5 mg, p<0.01)

Conclusion: In this study a proximal suprascapular nerve block with only 5 ml ropivacaine resulted in a 

substantial pain reduction and opioid sparing effect in patients with VAS of 50 or more after arthroscopic 

shoulder surgery.

Editorial Comment: Complications which can occur with interscalene block include hemi-diaphragm paresis 

and nerve injury. The less used suprascapular nerve block can provide similar analgesia. In this study, low 

volume proximal suprascapular block analgesia was assessed after arthroscopic shoulder surgery, which gave 

good effect compared to a three times larger opioid consumption in the placebo group.
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INTRODUCTION

Shoulder surgery is  associated with intense postoperative pain.1 The interscalene brachial plexus block (ISB) 

is considered the block of choice for postoperative analgesia. However, the high risk of hemi-diaphragmatic 

paresis due to phrenic nerve block is a concern and there is an ongoing search for safer alternatives.2–5 

Furthermore, extensive block of the brachial plexus causing a paralytic upper limb decreases patient comfort 

substantially.6,7

A selective suprascapular nerve block (SSNB) has been suggested as an alternative to the ISB since the 

suprascapular nerve (SSN) innervates a major part of the shoulder.8–10 Articular branches leave the SSN before 

the nerve enters the supraspinatus fossa. The classic SSNB distal to this passage may therefore only block part 

of the nerves innervating the shoulder.9,11 

A more proximal approach blocking the nerve after its departure from the brachial plexus in a superficial 

position under the omohyoid muscle has been described.12–14 Very few studies have explored this method in a 

clinical setting indicating a pain reducing effect comparable to an ISB15–17. However, proximal spread to the 

brachial plexus limiting selectivity of the block is a concern in these studies. As the proximal SSNB is a new 

technique, several questions need to be investigated: Effect on pain and opioid consumption, block failure 

rates, optimal local anaesthetic volumes and concentrations, proximal spread to the brachial plexus and the 

phrenic nerve to name a few. No placebo-controlled trials (RCT) have been conducted. 

The aim of this RCT was to compare the analgesic and opioid sparing effect of a low volume proximal SSNB 

with placebo after arthroscopic shoulder surgery. We hypothesised that a low volume proximal suprascapular 

nerve block would reduce both pain and opioid consumption after arthroscopic shoulder surgery when 

compared to placebo.
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METHODS

This multi-centre randomized, placebo-controlled trial was conducted in compliance with the Helsinki 

declaration and its amendments. It was approved by the Ethics Committee of the Capital Region of Denmark 

on August 19th 2015 (H-15008712), the Danish Data Protection Agency (j.nr. NOH-2015-033; I-Suite nr. 

04037), the Danish Medicines Agency and registered at the EU Clinical Trials Register (clinicaltrialsregister.eu) 

under the EudraCT number: 2015-002391-24. Data collection was done at Nordsjællands Hospital and Holbæk 

Hospital from November 24th 2015 to August 27th 2018. All participants provided written and informed 

consent. The trial was monitored by the GCP Unit at The Copenhagen University Hospital. The study is 

reported according to the CONSORT Statement.18 

Patients undergoing arthroscopic shoulder surgery were included. Exclusion criteria were age < 18 years, ASA-

classification > 3, pain score measured using a 0-100 visual analogue scale (VAS) constantly < 50 during the 

first postoperative hour, inability to participate in the assessments, allergies to drugs used in the study, daily 

opioid or opioid analogue use (not including tramadol), misuse of alcohol and/or medicine, pregnancy, 

surgery including the clavicle or conversion to open surgery. All participants received 1 g Paracetamol and 400 

mg Ibuprofen as premedication.  All patients were anaesthetised with propofol and remifentanil. No local 

anaesthetic was administered by the surgeon. Fentanyl was administered intravenously at a dose of 1µg*kg-1 

rounded to the nearest 25 µg at the end of surgery. 

After arrival at the post anaesthesia care unit, pain was measured using VAS score in 10- to 15-minute 

intervals. During this period no analgesics were administered. If the pain score equalled or exceeded 50, the 

patient was included in the study. If all pain scores were below 50, the patient was excluded from the study 

after one hour of stay in the post anaesthesia care unit and received the standard postoperative treatment. 
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Intervention, randomisation, allocation concealment and blinding 

Included patients were randomly allocated to receive a SSNB with either 5 ml ropivacaine 7.5 mg*ml-1 or 5 ml 

saline 9 mg*ml-1 according to a computer-generated random sequence. Prior to inclusion, 40 sequentially 

numbered opaque sealed envelopes were produced containing this information. Two trained nurses 

randomly drew an envelope and followed instructions to fill a 5 ml syringe with either ropivacaine or saline. 

Thus, the patients and the physicians performing the block and outcome assessments were blinded to the 

allocated intervention.

Block performance

During the block procedure patients were offered pain relief using alfentanil in small successive doses. We 

used a Flex Focus 500 ultrasound system with an 8870 transducer (BK Medical, Analogic Ultrasound Group, 

Peabody, MA, USA). We used a Sonoplex, 22G x 80 mm needle (Pajunk, Geisingen, Germany).

We used the technique described by Siegenthaler and others.12,14 The transducer was placed on the side of 

the neck at the level of the cricoid cartilage in a transverse plane to visualise the brachial plexus. With a 

distally sliding movement we identified the departure of the SSN. Following the SSN laterally to its position 

under the omohyoid muscle, the injection site was chosen where the nerve was most easily visualised as far 

away as possible from the brachial plexus (Fig 1.). The needle was advanced using an in-plane technique. The 

5 ml injectate was slowly injected under constant ultrasonographic guidance. In case it was not possible to 

identify the SSN, the injectate was deposited under the omohyoid muscle at the expected position of the 

nerve.

A patient-controlled analgesia (PCA) pump was attached to a peripheral venous catheter after the block 

procedure. The pump delivered a morphine bolus of 5 mg with a 15-minute lockout period. If the patient was 

> 70 years of age or the weight was < 60 kg, the bolus was reduced to 2.5 mg.

Outcomes

Primary Outcome

Our primary outcome was change in VAS score at rest from baseline to 30 minutes (T30) after the block 

procedure.

Secondary Outcomes
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(1) VAS score at maximum active abduction of the shoulder from T30 to 360 minutes (T360) after the block 

procedure measured as area under the curve (AUC); (2) VAS score at rest from T30-T360 measured as AUC; 

(3) Total use of morphine from baseline-T360; (4) Change in activity of the infraspinatus muscle from baseline 

to T30 measured with surface EMG; (5) Change in maximum voluntary isometric contraction during external 

rotation and abduction of the shoulder from baseline to T30 measured with a handheld dynamometer

Explorative Outcomes

(6) Simple motor and sensory evaluations at T30; (7) degree of nausea from baseline-T360; (8) subjective 

feeling of dyspnoea at T30; (9) presence of Horner´s syndrome at T30.

Outcome measurements

We performed the following measurements: VAS score at rest and during maximum shoulder abduction, 

degree of nausea using a 4-point scale (none, mild, moderate, severe), surface electromyography (EMG) 

during maximum voluntary isometric external rotation of the shoulder and dynamometric force 

measurements during maximum voluntary isometric external rotation and abduction of the shoulder.

Surface EMG electrodes (SX230-1000, Biometrics Ltd, Newport, UK) were placed on the skin over the 

infraspinatus muscle according to an EMG-atlas.19 A reference electrode was placed over the opposite clavicle 

to cancel out electrical interference from the skin. EMG signals were recorded using a data acquisition system 

(Datalink DLK900, Biometrics Ltd, Newport, UK). Processing was done with Biometrics Datalink software 

(version 8.6). Testing was done with the shoulder in a neutral position and the elbow flexed to 90°. Three 

consecutive tests were done separated by 1-minute breaks. The three recorded EMG signals were processed 

using an RMS (root mean square)-filter with a filter constant of 200 msec, after which the highest values were 

identified and an average value was calculated. 

For the dynamometric measurements we used a handheld dynamometer (Powertrack II Commander, JTECH 

Medical Industries Inc, Midvale, UT, USA). External rotation force of the shoulder was measured with the 

dynamometer placed on the dorsal side of the forearm just above the wrist. Shoulder abduction force was 

measured with the dynamometer placed just above the lateral epicondyle. For each of the movements an 

average was calculated from three measurements. Suprascapular nerve block success was defined as more 

than 50 % reduction in maximum external rotation force measured with dynamometry. We chose this cut-off 

value based on pilot studies and a previous published study.20
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These measurements were repeated at T30. Furthermore, simple sensory and motor tests were conducted 

and the presence of Horner´s syndrome and a subjective feeling of dyspnoea were recorded.

Sensory testing was performed using a cooled (5◦ C) 20 ml liquid filled vial applied to the cutaneous 

innervation areas of the axillary, the musculocutaneous, the radial, the median and the ulnar nerves. The 

sensation was graded cold or different using the opposite extremity as control. The SSN was not tested using 

this modality, since this nerve has little or no cutaneous innervation.9

Simple motor function tests were abduction of the shoulder (axillary nerve); flexion of the elbow 

(musculocutaneous nerve); extension of the wrist (radial nerve); palmar abduction of the thumb (median 

nerve) and spreading of the 2nd to 5th fingers (ulnar nerve). With the opposite extremity as control maximum 

active movement force was graded as normal or reduced. An extensive motor block was defined as motor 

affection of more than one nerve.

Pain and nausea were assessed at one-hour intervals from 1-6 hours after injection (T60-360). After 6 hours, 

the PCA pump was detached and patients returned to the hospital’s standard postoperative treatment. After 

discharge the patients were contacted and reported their level of pain 24 hours after surgery using the 

numeric rating scale (NRS from 0 to 10). 

Statistics and Power Calculation

We calculated AUC-VAS by linear extrapolation between time points for pain measurements.21  The required 

sample size was based on data from earlier studies reporting a VAS score of 70 mm one hour after 

arthroscopic shoulder surgery with a standard deviation of 20 mm.22 We considered a reduction in VAS score 

of 20 mm to be clinically relevant. With a significance level of 5% and a power of 80%, 17 patients in each 

group would be needed. To compensate for dropouts and block failures, we decided to include 40 patients, 

20 in each group. We considered p-values below 0.05 to be statistically significant. However because of five 

pre-defined secondary outcomes we adjusted the threshold for statistical significance for our secondary 

outcomes according to the method suggested by Jakobsen et al.23 Thus p-values below 0.05/((1+5)/2)= 0.0166 

was considered statistically significant for the secondary outcome measures. The outcomes were analysed 

using parametric methods with a two-sided p-test, i.e., independent t-test of the means or Chi squared test. 

We used IBM SPSS Statistics software, version 25.0.0; IBM Corp, Armonk, New York.
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RESULTS

In total, forty patients were randomised and included for analyses. Four patients were lost to follow up 

concerning pain assessment 24 hours after surgery. (Figure 2). There were no significant differences in patient 

characteristics and types of surgery between the two groups. Likewise, there was no differences in Fentanyl 

and Alfentanil usage at end of surgery and during block performance (Table 1). The SSN was visible in all 

patients except one in the placebo group. In 17 of 20 (85%; 95% CI 64 to 95%) patients the suprascapular 

nerve was successfully blocked defined as more than 50 % reduction in maximum external rotation force. In 6 

of 20 (30%; 95% CI 15 to 52%) patients there was more than 50 % reduction in abduction force at T30.

Primary Outcome 

There was a significant difference in VAS score reductions at T30 favouring ropivacaine (mean difference 23.5; 

95% CI 14.2 - 32.7; p<0.001), Table 2.

Secondary Outcomes

We found significant differences favouring the ropivacaine group in AUC VAS-score from T30 to T360 at rest 

(mean difference 75,1; 95% CI 19.8 to 130.3; p=0.009) and during maximum abduction in the shoulder (mean 

difference 95.1; 95% CI 21.4 to 169.1; p=0.013), respectively. Total use of morphine was significantly reduced 

from baseline to T360 in the ropivacaine group compared to placebo (mean difference 12 mg/iv; 95% CI 3.9 

to 20.1 mg/iv; P=0.005). There were significant changes in maximum voluntary isometric contraction during 

external rotation and abduction of the shoulder from baseline to T30, Table 2. The surface EMG data quality 

was low due to poor signal strength and high levels of noise; thus, we were not able to use these data to 

evaluate block success.

Explorative Outcomes

Explorative estimates are presented in Table 3. There was no significant difference in NRS pain score 24 hours 

after block procedure (mean difference 7.8; 95% CI -23.0 to 7.2; p=0.301). Data on simple tests of motor 

function and sensory affection of the axillary nerve and the four peripheral nerves are presented in Table 3. 

There was no significant difference between ropivacaine and placebo in number of extensive motor blocks 

(defined as more than one of four peripheral nerves affected). There were no significant differences in 

prevalence of nausea, dyspnoea between ropivacaine and placebo. Horner’s syndrome was not found in any 

patients. No severe events were recorded.
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DISCUSSION

In this RCT we found that a low dose SSNB with ropivacaine significantly reduced pain and opioid 

consumption after arthroscopic shoulder surgery compared to placebo. The VAS score in the ropivacaine 

group was significantly reduced compared to the placebo group throughout the 6-hour study period despite a 

three times larger morphine consumption in the placebo group.

This is the first placebo-controlled study of a proximal SSNB. Auyong et al. compared ISBs, supraclavicular 

brachial plexus blocks and SSNBs for shoulder arthroscopy and found the proximal SSNB non-inferior to the 

ISB regarding mean pain scores.16 Vital capacity lung function measurement after surgery was better 

preserved in the suprascapular group but grip and biceps strength were markedly reduced in both groups. 

This indicates extensive proximal spread of local anaesthetic to the brachial plexus - probably due to a larger 

volume of ropivacaine (15 ml), thus compromising the selectivity of the SSNB in the study and limiting the 

scope of the findings.

Wiegel et al. used a lower volume in their comparison of a 10 ml proximal SSNB to a 20 ml ISB in a 

randomised study of 336 patients.15 Surprisingly they found significant lower mean pain scores in the 

suprascapular group. They found unimpaired grip strength in 99% of the SSNB patients compared to 49% of 

the ISB patients. In our opinion this is a rather crude test to evaluate involvement of other nerves. Dyspnoea 

was present in 4 % of patients in the ISB group compared to 0 % in the SSNB group but lung function changes 

were not quantified.

The impact on peripheral nerves in our study was low and only three patients in the ropivacaine group 

experienced an extensive motor block with affection of more than one peripheral nerve. A blocked axillary 

nerve may have influenced on pain reduction. In our study 60% of the patients reported sensory affection of 

the axillary nerve, while only 30% of the patients in the ropivacaine group met our 50% cut-off for abduction 

force. As abduction of the shoulder is dependent on both the axillary and the SSN, the block of the axillary 

nerve in most cases seemed to be only partial. It seems that some proximal spread is inevitable; however, 

using 5 ml we demonstrated a high level of selectivity to the SSN.

The study by Wiegel et al. indicates, that patient satisfaction may be more affected by an extensive motor 

block than small differences in pain intensity.15 While reducing pain to a comfortable level is important, it is 

equally important to minimise unwanted side effects.

EMG data turned out useless due to poor data quality. In a previous study, we demonstrated very robust 

preoperative EMG data of the shoulder nerves in 20 patients having infraclavicular brachial plexus block for  A
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hand surgery.20 In the present study, postoperative oedema in the shoulder region complicated identification 

of bony landmarks and electrode positioning. Furthermore, we had difficulties achieving good skin contact 

due to excessive sweating. Fortunately, the use of dynamometry proved much more reliable as a tool to 

evaluate block success. Of the three failed blocks, one had an external rotation force reduction of 42%, thus 

just falling short of our predetermined cut-off value of 50%. It is possible that this cut-off value was too high, 

since we relied on voluntary movements that often seemed impaired at baseline due to pain. This in turn 

could result in an underestimation of muscle force reductions. Indeed, in the placebo-group there were 

increases in mean test force from baseline to T30 for both external rotation (9.1 %) and abduction (27.9 %). 

The patient with the 42% reduction in external rotation force had a substantial reduction in pain with only a 

minimal opioid usage.

Limitations

This study has several limitations.

We did not explore on phrenic nerve palsy beyond the recording of subjective dyspnoea. As this recording 

correlates poorly with quantitative measurements of phrenic nerve impairment, we could have put more 

emphasis on this aspect.5

Our choice of Ropivacain 0.75% does not reflect current practice in most institutions as there is a general 

tendency towards using lower concentration (e.g., 0.5%). However, at the time of designing the study, this 

was the standard concentration used in our institution.

As this is a placebo-controlled trial, a direct comparison to the effect of an interscalene brachial plexus block 

is not possible, which clearly is a limitation of this study. However, we decided on a placebo-controlled setup 

to optimise blinding and limit the risk of performance bias, especially as this was a new block technique. In 

this study there was complete blinding of the anaesthetists responsible for the block procedure. However, we 

cannot rule out the possibility that the motor effect on the upper extremity in the ropivacaine group could 

have unblinded patients and/or assessors.

Our design choice with postoperative block performance is controversial as it inevitably implies some level of 

pain that maybe could have been avoided using other study designs. However, in our experience a relevant 

proportion of patients only experience mild to moderate pain after arthroscopic shoulder surgery. Therefore, 

this study design was deliberate and we believe it strengthens our results. We excluded a substantial number 

of patients before the block procedure because of limited postoperative pain (VAS score < 50) in the first hour 

after surgery. In most studies, patients are included and nerve blocks are applied before surgery. This A
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introduces a risk of including patients who would have experienced limited pain even without any pain 

treatment. A study design with preoperative block performance therefore most likely dilutes results, with the 

risk of underestimating effects in placebo-controlled trials and overestimating the effect in trials comparing a 

new block with an existing block technique. 

In conclusion, we demonstrated that a proximal SSNB with only 5 ml ropivacaine resulted in a substantial pain 

and opioid reduction in patients with VAS score of 50 or more after arthroscopic shoulder surgery. We 

demonstrated a high degree of selectivity for the SSN with minimal motor impact on peripheral nerves. These 

findings require further studies comparing the present approach to an ISB regarding pain, opioid usage, 

patient satisfaction and side effects.
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Table 1. Patient demographics and characteristics of the trial 

  Ropivacaine Placebo 

Number of included patients 20 20 

Patient demographics   

 Age (years) 52 (10) 54 (10) 

 Female (n) 7 (35%) 11 (55%) 

 Height (cm) 173 (8) 175 (11) 

 Weight (kg) 85 (13) 89 (19) 

 Body mass Index (kg x m^-2) 28 (3) 29 (6) 

Characteristics related surgery   

 Subacromial decompression 15 (75%) 17 (85%) 

 
Other (Bankart, SLAP-repair, synovectomy, 

bridgement) 
5 (25%) 3 (15%) 

Analgesic usage at end of surgery and during 

block performance 
  

 Fentanyl at end of anaesthesia (mcg) 90 (15) 90 (21) 

 Alfentanil during block performance (mg) 0.5 (0.5) 0.5 (0.5) 

Values: mean (standard deviation); numbers (percent of total within group). 

Abbreviations: n = number of patients; cm = centimeters; kg = kilogram; m = meter; mcg 

= micrograms; mg = milligrams. 
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Intervention Control 

Number of included patients 20 20  

 VAS score at rest at baseline 70.5 (8.5) 71.8 (10.9) 0.68 

 VAS score at rest at T30 20.3 (18.9) 45.0(16.6) <0.001 

     

Primary outcome measure    

 
Change in VAS score at rest from baseline to T30 after the block 

procedure. 
-50.2 (17.9) -26.8 (9.9) <0.001 

     

Secondary outcome measures    

 
AUC-VAS score at maximum active abduction of the shoulder 

from T30 to 360 minutes. 
134.0 (133.3) 229.1 (93.4) 0.013 

 AUC-VAS score at rest from T30 to 360 minutes. 59.5 (80.2) 134.6 (92.0) <0.001 

 Total use of iv. Morphine (mg) from baseline to 360 minutes. 6.5 (8.4) 18.5 (15.7) <0.001 

 
Change in maximum voluntary isometric contraction during 

external rotation of the shoulder from baseline to T30. 
-68.9 (26.9) 9.1 (23) <0.001 

 

Change in maximum voluntary isometric contraction during 

external rotation and abduction of the shoulder from baseline to 

T30. 

-18.9 (44.9) 27.9 (37.4) 0.001 

Values: mean (standard deviation). 

Abbreviations: VAS = Visual Analogue Scale (0-100); T30 = 30 minutes after block performance; AUC: Area under 

the curve; iv = intravenous; mg = milligrams.  

The secondary outcome “Change in activity of the infraspinatus muscle from baseline to T30 measured with surface 

EMG“ was not reported due to low data quality.  
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Table 2. Primary and secondary outcome measures   

  Ropivacaine Placebo p-value 
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Table 3. Explorative outcome measures   

  Ropivacaine 

Intervention 

Placebo 

Control 
p-value 

Number of included patients 

 

 

20 20  

 NRS pain score 24 hours after block procedure 39.4 (27.9) 31.6 (15.7) 0.30 

 Patients with nausea from baseline to T360 4 (20%) 8 (40%) 0.30 

 Patients with subjective feeling of dyspnoea at T30 1 (5%) 1 (5%) 1.00 

 Patients with presence of Horner´s syndrome at T30 0 0 - 

 
Number of extensive motor blocks (defined as more than one of 

four peripheral nerves affected) 
3 (15%) 1 (5%) 0.61 

     

Simple motor and sensory evaluations of Axillary nerve at T30    

 
Axillary nerve: shoulder abduction: Number of patients with 

reduced voluntary force compared to opposite extremity  
12 (60%) 3 (15%) <0.001 

 
Axillary nerve: Number of patients with a different sensation to 

cold compared to the opposite extremity. 
13 (65%) 4 (20%) 0.01 

     

Simple motor evaluations of peripheral nerves at T30 

Number of patients with reduced voluntary force compared to 

opposite extremity 

   

 Musculocutaneous nerve  (elbow flexion) 4 (20%) 1 (5%) 0.34 

 Radial nerve (wrist extension) 3 (15%) 0 0.23 

 Median nerve (thumb abduction) 2 (10%) 1 (5%) 1.0 

 Ulnar nerve (spreading of the 2nd to 5th fingers) 3 (15%) 1 (5%) 0.61 

     

Simple sensory evaluations of peripheral nerves at T30 

Number of patients with a different sensation to cold compared to the 

opposite extremity. 

   

 Musculocutaneous nerve 7 (35%) 3 (15%) 0.27 

 Radial nerve 8 (40%) 4 (20%) 0.30 

 Median nerve 10 (50%) 5 (25%) 0.19 

 Ulnar nerve 8 (40%) 5 (25%) 0.50 

     

Values: mean (standard deviation); numbers (percent of total within group). 

Abbreviations: NRS = Numeric Rating Scale; T360 = 360 minutes after block performance; T30 = 30 minutes after 

block performance. 
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Figure 1: Proximal suprascapular nerve block. Left: transducer placement and needle insertion point. 

Right: sonographic image showing important landmarks. Arrow: suprascapular nerve; circle: brachial 

plexus; OM: omohyoid muscle; TM: trapezius muscle; SA: subclavian artery. 
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Figure 2: Consort diagram of patients in the study. 
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