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A B S T R A C T

Background: The aim was to investigate the effect of Electromyography (EMG)-biofeedback guided exercises
(BIONEX) on shoulder pain and function in participants with subacromial pain syndrome (SPS).
Methods: Twenty-five women and 24 men (19–67 years), diagnosed with SPS, were randomised to BIONEX or
the same exercises without EMG-biofeedback (NEX). Primary outcome was shoulder pain during the past 7 days
(Numeric Pain Rating Scale (NPRS)). Secondary outcomes included self-reported (Disability of Arm Shoulder and
Hand (DASH), Oxford Shoulder Score (OSS)), and measured shoulder function (surface EMG from upper tra-
pezius, lower trapezius and serratus anterior) in mean and ratios of % of maximum voluntary EMG (%MVE) and
onset time (msec), during arm tasks with 0, 1 and 3 kg.
Results: There was no group difference (BIONEX versus NEX) in changed shoulder pain (NPRS, mean difference
0.18 (95% CI. −1.56; 1.19)), self-reported or measured shoulder function. Both groups, however, showed sig-
nificant within-group improvements on self-reported outcomes (NPRS, DASH, OSS), only clinically relevant on
NPRS (BIONEX 2.23 (SD 2.47); NEX 2.04 (SD 2.29)).
Conclusion: BIONEX and NEX were both effective in reducing pain to a clinically relevant level, while EMG-
biofeedback did not make a difference. The current neuromuscular shoulder exercise protocol is recommended.

1. Introduction

Shoulder pain is an important health and socioeconomic problem,
with 23% of the European labour force having experienced pain in the
neck/shoulder region or arms within the past year, accounting for the
largest cause of work-related sickness absence, followed by back pain
(Bevan, 2009).

Rotator cuff-related syndrome, synonymous with subacromial pain
syndrome (SPS), is the most common shoulder disorder in the primary
sector, causing pain, loss of general shoulder function, reduced strength
and range of motion (Clausen et al., 2017). SPS is characterised by
shoulder pain exacerbated by overhead activities that compress the
subacromial structures, such as rotator cuff muscle tendons due to re-
duced subacromial space (Seitz and Michener, 2011). This condition

may be caused by inappropriate scapulo-humeral movements (most
often reported as reduced scapula upward rotation and/or posterior tilt)
with neuromuscular imbalance of the scapular muscles (Page, 2011).
Muscular imbalance in SPS is often reported as higher muscle activity in
the Upper Trapezius muscle (UT), lower activity in the Serratus Ante-
rior (SA) and/or the Lower Trapezius (LT) muscle, and/or a higher ratio
of the relative activation of UT and LT compared with healthy controls
(Kinsella and Pizzari, 2017).

Recommended treatment guidelines for patients with SPS focus on
decreasing pain, and increasing shoulder flexibility and function
(Holmgren et al., 2012). This approach mostly includes exercises where
muscle activity in the lower parts of the scapular stabilizing muscles
(SA and LT) is increased, while activity in the upper parts of these
muscles (UT) is decreased or maintained at the same level (Ellenbecker
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and Cools, 2010; Saito et al., 2018). However, the foundation for these
clinical guidelines is mostly studies with limited descriptions of the
intervention and/or of moderate methodological quality (Saito et al.,
2018). Further, relevant objective outcomes are sparse, primarily in-
cluding isolated laboratory tests of limited translation to activities of
daily living (Reijneveld et al., 2017).

Verbal and tactile feedback have shown to increase EMG amplitudes
during selected shoulder exercises in young healthy individuals (Jones
et al., 2018). Biofeedback in the form of visual electromyography
(EMG) signals, seems promising for teaching individuals with or
without shoulder pain to selectively activate different subparts of the
scapular muscles (Larsen et al., 2014; Holtermann et al., 2010; Huang
et al., 2013). However, adding EMG-biofeedback to a shoulder exercise
protocol has not yet been studied in a randomised controlled trial (RCT)
evaluating the effect on shoulder pain and function in patients with
SPS.

Therefore, the aim was to investigate the effect of shoulder exercises
and Electromyography (EMG)-biofeedback on shoulder pain, function
and muscle activity in participants with SPS compared with the same
exercises without EMG-biofeedback.

2. Methods

2.1. Design

A single-blinded two-group parallel superiority RCT was conducted,
investigating the effect of 8 weeks of supervised EMG-biofeedback
neuromuscular shoulder exercises (BIONEX group), versus neuromus-
cular shoulder exercises only (NEX group).

Baseline and follow-up testing after 8 weeks intervention included
self-reported outcomes, placement of surface electrodes, performance
of maximal voluntary isometric contractions (MVIC) for EMG normal-
isation, and standardised arm tasks. Randomisation was performed
after baseline testing to avoid violation of the internal validity and the
risk of bias, as described in the CONSORT statement for Randomised
Controlled Trials (Boutron et al., 2008).

2.2. Subjects

Eligible participants were adults aged 19–67 years with a minimum
amount of pain and actual pain. Pain amount was defined as shoulder/
neck pain/discomfort for minimum 30 days within the past year as
reported in the Nordic questionnaire for Musculoskeletal problems, a
well validated and frequently used questionnaire (Kuorinka et al.,
1987). For the actual pain, the included participants had to have a
minimum of two positive impingement tests (Jobe, Neer, Hawkins,
Apprehension tests) (Vind et al., 2011), and the ability to read and
understand Danish. All testing procedures were standardised as pre-
viously described (Vind et al., 2011).

Exclusion criteria were: ≥8 in shoulder pain/discomfort (Numeric
Pain Rating Scale (NPRS) ranging from 0 to 10, 10=worst) within the
past 24 h, more than three additional regions with pain for minimum
30 days during the past 12months, history of severe shoulder-neck
pathology, trauma, or corticosteroid injection within the past 3months,
previous shoulder surgery, life threatening diseases, adverse psycho-
social conditions or pregnancy, and positive signs of cervical radicu-
lopathy as previously used (Larsen et al., 2014).

Participants were recruited from local specialised physiotherapy
clinics, orthopaedic surgeons, rehabilitation departments, sports clubs,
trade unions and through social media. Eligible participants received
study information by email, a phone call for project information, and
scheduling time for inclusion (Fig. 1).

The Committee on Biomedical Research Ethics for the Region of
Southern Denmark, Denmark approved the study (Projects ID S-
20090090). All participants gave written informed consent before data
collection. The study conformed to the Declaration of Helsinki 2008

(World Medical 2013).

2.3. Interventions

Briefly, the intervention was scapula-focused, with the only group
difference being EMG-biofeedback during exercises, where visual and
verbal feedback from the activity levels was given on a computer screen
to the BIONEX group. The feedback included feedback on increasing
muscle activation of SA and LT and decreasing UT.

The program consisted of two periods. The first three weeks in-
cluded exercises to (re)-activate the muscles to increase participant’s
awareness of shoulder function (scapula stabilisation during arm
movement), including focus on LT and SA exercises. Muscle stretching
exercises included pectoralis minor and the posterior shoulder capsule.
The following five weeks consisted of transferring muscle awareness
into daily activities, where LT and SA had to co-operate dynamically to
succeed (see supplementary material).

2.4. Outcomes

Primary outcome was self-reported pain intensity during the past
7 days NPRS (Eshoj et al., 2017).

Secondary outcomes included further self-reported outcomes, such
as pain intensity from NPRS for ‘actual pain level’ and ‘pain level within
the past 24 h’, Disability of the Arm, Shoulder and Hand questionnaires
(DASH), for changed symptoms over time. DASH contains 30 items,
each rated on five-point Likert scale from 1 to 5 (1= good function
and/or no pain, 5= poor function and/or considerable pain)
(Schonnemann et al., 2011). DASH includes further two optional sub-
dimensions (Work, Sports/Performing Arts activities), each with four
items, rated as above. The total scores of each DASH dimension are
calculated as follows: (total score/n answers) – 1 * 25, ranging from 0 to
100 for each dimension (Schonnemann et al. 2011). A further sec-
ondary outcome was the Oxford Shoulder Score (OSS), a 12-item scale
rated on a five-point Likert scale from 0 to 4 (0=poor function,
4= good function) (Frich, Noergaard, and Brorson 2011). Daily pain
and number of repetitions per exercise during home exercises were
rated in the participants’ diary. Demographic information included age,
BMI, bodymass, height, weekly working hours, and workability.

Secondary outcomes further included objective measurements of
surface electromyography (sEMG) signals from three scapular muscles:
UT, LT and SA, during standardised arm task, with data extraction in
the range of the painful arc (60° to 120° arm elevation) (Ludewig and
Cook, 2000).

For the EMG recordings, bipolar sEMG-electrodes (Ambu “blue
sensor M”, A/S, Neuroline, 72001 k, Ballerup, Denmark) were placed
on the participant’s injured arm, for UT and LT in prone lying (arms
beside the body), while for SA in standing. Electrodes of UT, were
placed 20% medially to the midpoint between the acromion and the C7
vertebra, for LT, 33% medially to the midpoint between the medial
scapular border and the 8th vertebra, while for SA on the bulky part of
the 7th rib, following muscle fibre direction (Holtermann et al., 2010;
Larsen et al., 2014). The sEMG-signals were sampled using Noraxon
EMG-transmitters (Telemyo DTS System, USA), and data were trans-
mitted to a belt receiver for further analysis.

2.5. Testing protocol

EMG signals were normalised to maximal voluntary EMG (MVE),
subtracting resting signal of sEMG data collected for 30 s in prone lying.
The participants performed minimum three (up to five) Maximum
Isometric Contractions (MVICs), with verbal encouragement including
1min rest in between, highest EMG value selected. All MVICs were
performed with resistance during arm movement in the scapular plane
(arm flexion in the plane of 45° to the sagittal plane of the truncus) as is
the plane of movement for the scapula (Pearl et al. 1992)’. For the
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injured side a solid band was used, fixed to a plate on the floor and
mounted proximally to the elbow joint. For the non-injured side manual
resistance was used in an outward rotated shoulder position (Larsen
et al. 2014). There was no data sampling on unjured side since we only
wanted data on the injured side. Bilateral resistance was performed to
ensure that participants did not perform any potentially harmful
asymmetrical resistance movement, and to provide the highest EMG
amplitude as possible. For MVE of UT and SA, participants were
standing with the upper extremities at 90° and 135° shoulder flexion
(scapular plane), elbows extended, wrists in neutral, performing max-
imum isometric shoulder flexion pressing upwards against the re-
sistance. For MVE of LT, participants were prone lying, arms in 180°

flexion (scapular plane), performing maximum isometric horizontal
shoulder abduction pressing against the resistance. Participants were
encouraged to perform each MVE within tolerable pain.

The arm elevation task was performed in scapular plane during
three conditions in the following order: hands holding no external load
(0 kg), 1 kg dumbbell and 3 kg dumbbell. The scapular plane was
guided with markings on the floor showing 45° angle towards a wall
(arm aligned with the wall). The arm task was performed with extended
elbows from 0° to maximum arm elevation (concentrically/up) during
2 s, followed by lowering (eccentrically/down) to 0° during 2 s
(Ludewig and Cook, 2000), then 4 s rest. Each movement was stan-
dardised, guided by a metronome, repeated five times with one-minute

Fig. 1. Flow of the participants throughout the study. As observed analysis’ means the population with imputed follow up data, while the ‘per protocol analysis’
means that only participants who were compliant according to the prespecified criteria (attendance of minimum 75% sessions (six of eight supervised sessions), and
completion of minimum 75% of the scheduled home exercises) are in the analysis. ‘
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rest between each load (0-1-3 kg). Verbal instruction of performing
maximal shoulder flexion (0-180-0°) was given, verified by In-
clinometer (Noraxon, USA), attached to the participant’s wrist.

2.6. Compliance, randomisation, allocation and blinding procedures

To measure compliance, number of attended sessions supervised by
the treating physiotherapist was registered, in addition to the partici-
pant-registered home-based exercises in a diary. Satisfactory com-
pliance included attendance of minimum 75% sessions (six of eight
supervised sessions), and completion of minimum 75% of the scheduled
home exercises.

A list of random numbers (1:1) (equal number for each group) was
prepared prior to study start stating to which group each individual
would be allocated. After baseline testing, participants were rando-
mised to either BIONEX or NEX by drawing an opaque, sealed, se-
quentially numbered envelope. After group allocation the envelope was
stored in a locker not accessible by the assessors. The participant’s name
and telephone number were forwarded to the treating physiotherapist
for scheduling exercise appointments.

The same four assessors (in two pairs), blinded to group allocation,
not involved in treatment, carried out testing. Before actual inclusion
the assessors and treating physiotherapists were thoroughly trained in
how to administer the outcomes, assess and train the participants. The
treating physiotherapists were blinded to the baseline data, and parti-
cipants were encouraged not to reveal their treatment assignment at
follow-up testing. Baseline and follow-up testing in addition to the in-
terventions were carried out in separate facilities at the XXX.

2.7. Data analysis

EMG signals were amplified with gain of 400 (Telemyo DTS
Telemetry with analogue output module, Noraxon, USA) and analogue
band pass filtered with a 2nd order Butterworth filter, with cut-off
frequencies at 10–480 Hz, then sampled at 1000 Hz, converted in digital
form by a 12bit A/D-converter and stored on a disk (CED 1401, Spike2
software, Cambridge Electronic Devices, UK). Raw data of EMG mea-
surements were sent to an impartial data engineer before statistical
analysis. EMG amplitude was calculated by root mean square (RMS)
with a moving window (1 s duration and moving in 100ms steps)
throughout the entire EMG recording.

Onset of muscle activity was based on visual inspection of the ac-
tivity and by using the inclinometer. The time period for arm move-
ments between 60° – 120° part of the 180° swing during elevation and
lowering was selected for analysis, due to this range often being the
most painful, this is known as the “painful arc” (Michener et al., 2009).
This period lasted 0.7 s, with start 0.7 s after the visually determined
onset (upwards), and 0.7 s from the most elevated point of motion,
detected by the inclinometer (downwards), respectively (Larsen et al.,
2014).

Peak RMS value recorded during MVE was used for EMG normal-
isation (% MVE) (Larsen et al., 2014), and the final analysis of % MVE
was based on the mean of the three middle trials of five (2, 3 and 4) of
0–1-3 kg. Mean normalised muscle activity during arm elevation and
lowering (% MVE) of each muscle and each load, and muscle activity
ratios between the muscles or subparts (UT/LT, UT/SA, LT/SA) were
calculated for the periods of painful arc (60° to 120°) during arm ele-
vation and lowering (Ludewig and Cook, 2000). Further, muscle onset
difference was defined as delay between pairs of muscles (UT-SA, UT-
LT, LT-SA), with negative values representing initial activity of the first
mentioned muscle or muscle subparts, and positive values represented
initial activity of the last mentioned muscle.

2.8. Statistical analysis

Primary and secondary outcomes were analysed according to the

intention-to-treat (ITT) principle; missing follow-up data replaced by
baseline values (carried forward), while missing baseline data replaced
by mean baseline values of the whole group. Per protocol analyses were
performed for those fulfilling the criteria for compliance. The calculated
sum scores of the secondary outcomes (DASH, OSS) were treated as
continuous variables.

Residuals from the final statistical model of each outcome were
found to be normally distributed. A linear regression model was used to
analyse data representing mean changes in continuous end points of
self-reported and measured EMG outcomes. For each dependent vari-
able the model included the dependent avariables of change values
(difference between baseline and follow-up), and independent variables
of exposure (BIONEX, NEX), sex, BMI, age and baseline value of the
relevant variable.

A multilevel linear mixed model was used to analyse group differ-
ences in overall change scores of the weekly NPRS data, as registered
daily in diaries, by repeated measures. This means that the model in-
cluded the dependent variable of change value (NPRS difference be-
tween baseline and follow-up), and independent variables of exposure
(BIONEX, NEX), sex, BMI, age and baseline NPRS value. Further, group
differences in demographics and baseline values were tested with t-
tests, and within-group changes with paired t-tests.

All ITT analyses were performed blinded to group allocation carried
out according to pre-established analysis plan (Juul-Kristensen et al.,
2017), with an external epidemiologist performing the analysis for the
primary outcome, and all co-authors approving and signing the blinded
interpretation (Jarvinen et al., 2014).

A sample size of 10 participants per group was required to detect a
difference of two NPRS points (standard deviation of 1.5, 80% power,
alpha level 0.05) (Salaffi et al. 2004). For detecting EMG between-
group differences of minimum 25% improvement in % MVE (standard
deviation of 42% in % MVE, 80% power, alpha level 0.05), minimum
22 participants per group was required (Ludewig and Cook 2000). To
account for drop-outs, 50 participants were included.

An alpha-level of 0.05 was considered statistically significant
(p < 0.05, two- sided). Finally, results are expressed as the difference
between group means with 95% Confidence Intervals and their asso-
ciated p-values. Statistical analyses were performed using SPSS (IBM,
Armonk NY, USA, version 24.0).

3. Results

3.1. Participant characteristics

A total of 104 participants volunteered; however, 55 participants
were excluded (Fig. 1), leaving 49 participants for randomisation,
BIONEX (26) and NEX (23) (ITT population), with three participants in
BIONEX and two in NEX lost to follow-up.

Generally, the two groups were comparable on demographics,
baseline values for self-reported outcomes (Table 1a) and measured
EMG values, only shown for 3 kg load (Table 1b). Number of females
were 13 (50%) in BIONEX, and 12 (52%) in NEX.

Sensitivity analyses showed no differences in demographics and
baseline outcomes between participants lost to follow-up and those
from the complete dataset (data not shown).

3.2. Primary analysis

BIONEX improved 0.18 points (95% CI. −1.56; 1.19) more than
NEX in primary outcome, NPRS (pain within the past seven days),
however, non-significantly.

3.3. Secondary analyses

Likewise, no group difference in the remaining change scores of self-
reported outcomes (e.g. DASH total −0.61 (-5.32; 6.55); OSS 0.36
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(-3.09; 2.37)) was found (Table 2). However, both groups showed sig-
nificant within-group improvements from baseline to follow-up
(Table 2).

For the weekly NPRS scores (Fig. 2), there was no significant group
difference across the 8 weeks, but over time, there was a significant
reduction in pain for the total group (p < 0.001). Furthermore, there
was significant effect of NPRS baseline values (p < 0.001; higher
baseline values improved mostly), and sex (p=0.018; larger pain for
females than for males).

Groups did not differ in changed EMG outcomes, for any of the
muscles or muscle subparts during the arm tasks, with only few sig-
nificant within-group differences (Table 3, only shown for 3 kg load).

3.4. Attendance and compliance

General attendence of supervised sessions and home exercises cor-
responded to 86% for BIONEX and 88% for NEX with no significant
group difference. For the per protocol analyses, a total of 17 (65%)
participants in BIONEX and 18 (78%) in NEX were compliant according
to pre-established criteria. The same pattern of non-significant group
differences were seen in change scores in the per protocol analyses.

4. Discussion

With an equal and satisfactory compliance, the current study
showed that following an 8-week shoulder exercise protocol with EMG-
biofeedback was not superior in reducing shoulder pain and improving
self-reported shoulder function compared with no EMG-biofeedback.
Neither was there superior relief of shoulder pain with EMG-biofeed-
back across all 8 weeks. However, both groups improved significantly
with a clinically important change of minimum 2.0 in pain and most of
the remaining self-reported shoulder function outcomes. There was no
superior effect of BIONEX in changed EMG outcomes for any of the
muscles or muscle subparts, as also confirmed by per protocol analyses.

4.1. Primary analysis

The expected larger change in pain in the EMG-biofeedback group
relied on an improved balanced muscle activation. Since group differ-
ences in changed EMG outcomes were absent, it was not surprising that
the effect on changed pain between the two groups was also absent.
Previous experimental studies have shown that few sessions with EMG-
biofeedback were able to reduce UT/LT and UT/SA ratios more than
with no EMG-biofeedback (Huang et al., 2013), and improve selective
activation of LT and UT (Larsen et al., 2014). Since this would improve
muscle function, neuromuscular control, and self-management of pain,
it was anticipated that shoulder pain would be reduced, as previously
showed with scapula-focused training (without control groups)
(Worsley et al., 2013; De Mey et al., 2012). This is the first clinical RCT
study investigating the effect of 8 weeks of EMG-biofeedback.

One of the reasons for the lacking effect on EMG outcomes may be
the different procedures (positions, exercise types) used for EMG-bio-
feedback between the experimental studies and the current clinical
study (Larsen et al., 2014; Huang et al., 2013). Also, the type of EMG
biofeedback may result in different outcomes. In this study visual EMG
biofeedback only during exercise sessions, as opposed to continuous
EMG feedback throughout the day. In the present study the physical
therapists were also allowed to use verbal and tactile feedback in both
groups, as previously used (Jones et al., 2018), however, without in-
fluencing group differences of EMG levels.

Another reason may be that the current exercise protocol used
standardised as opposed to individualised intense progressions (De Mey
et al., 2012; Hotta et al., 2018), potentially insufficiently challenging
the neuromuscular system. However, as some participants were unable
to complete arm elevation tasks with 3 kg due to pain, progression
criteria seemed reasonable. Further, the current study aimed primarily

Table 1a
Baseline demographics and primary and secondary self-reported outcomes
(Mean, SD) for participants with subacromial impingement syndrome, for the
participants allocated to the BIONEX or NEX group.

Variables BIONEX Group NEX Group

Mean (SD) Mean (SD)

(n= 26) (n=23)

Demographics
Age (yrs) 41.0 (11.7) 45.1 (13.0)
BMI 26.3 (3.5) 24.2 (4.1)
Bodymass (kg) 81.9 (17.3) 73.7 (16.1)
Height (cm) 175.7 (9.5) 173.7 (7.8)
Work/week (hrs) 35.4 (11.6) 35.0 (10.3)
Workability (level) 6.5 (2.6) 7.2 (2.1)

Primary self-reported outcome
NPRS within past 7 days 5.1 (2.2) 4.8 (2.1)

Secondary self-reported outcomes
NPRS now 3.4 (2.2) 2.6 (2.1)
NPRS within the past 24 h 4.3 (2.2) 3.7 (2.3)
DASH total 27.0 (12.4) 26.8 (15.3)
DASH work 25.7 (26.4) 24.8 (22.4)
DASH sport 37.6 (28.0) 45.2 (19.6)
OSS 35.1 (5.6) 34.1 (7.4)

Abbreviations: BIONEX EMG-biofeedback neuromuscular shoulder exercise
group; NEX neuromuscular shoulder exercise group ; BMI Body Mass Index;
NPRS Numeric Pain Rating Scale (0–10, 10=worst pain); DASH Disability of
Arm Shoulder and Hand (1–5, 5=worst); OSS Oxford Shoulder Score (0–4,
0=worst).
base= significant effect of baseline values; w= significant within group-dif-
ferences from baseline to follow-up.

Table 1b
Baseline values (Mean, SD) on secondary objective EMG outcomes, for the arm
elevation and lowering task of 3 kg (mean relative activity in %MVE, muscle
activation ratios and onset time) for participants with subacromial impinge-
ment syndrome, for the participants allocated to the BIONEX or NEX group.

Variables BIONEX Group NEX Group

Mean (SD) Mean (SD)

(n= 26) (n= 23)

Secondary objective outcomes
EMG (%MVE)
UT elevation, 3 kg 42.6 (22.6) 49.4 (27.8)
UT lowering, 3 kg 23.6 (11.3) 30.4 (18.7)
LT elevation, 3 kg 21.8 (12.5) 28.6 (17.1)
LT lowering, 3 kg 15.4 (8.8) 19.1 (11.3)
SA elevation, 3 kg 31.9 (18.8) 34.3 (20.8)
SA lowering, 3 kg 21.0 (13.0) 23.3 (16.1)

EMG (ratio)
UT/SA elevation, 3 kg 1.6 (0.9) 1.6 (0.6)
UT/SA lowering, 3 kg 1.7 (1.9) 1.6 (1.1)
UT/LT elevation, 3 kg 2.9 (4.4) 2.0 (1.0)
UT/LT lowering, 3 kg 2.2 (1.8) 2.0 (1.5)
LT/SA elevation, 3 kg 0.9 (0.5) 0.9 (0.3)
LT/SA lowering, 3 kg 0.9 (0.6) 0.9 (0.3)

EMG (onset time, ms)
UT-SA elevation, 3 kg −0.06 (0.1) −0.09 (0.1)
UT-LT elevation, 3 kg −0.06 (0.1) −0.06 (0.1)
LT-SA elevation, 3 kg −0.02 (0.1) −0.02 (0.1)

Abbreviations: BIONEX EMG-biofeedback neuromuscular shoulder exercise
group; NEX neuromuscular shoulder exercise group ; EMG Electromyography;
%MVE percentage of Maximum Voluntary EMG; UT Upper Trapezius; LT Lower
Trapezius; SA Serratus Anterior.
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at improving muscle coordination and not just strength, which was the
rational for using relatively low loads. Other reasons may be larger
number than one weekly supervised session (Struyf et al., 2013;
Holmgren et al., 2012; Shah etal., 2014; Baskurt et al. 2011; Moezy
et al., 2014; Osteras et al., 2010), and longer treatment periods than
8weeks (Struyf et al., 2013; Holmgren et al., 2012; Bennell et al.,
2010).

4.2. Secondary analyses

The effect of the exercise program in both groups is in line with
similar exercise interventions, showing positive effects on pain and
physical function in participants with SPS (McClure et al., 2004; De
Mey et al., 2012; Worsley et al., 2013; Reijneveld et al., 2017). Al-
though the content of exercise protocols vary across studies, all ex-
ercises are scapula-focused.

Table 2
Primary and secondary self-reported outcomes (Mean ± SD, and 95% Confidence Intervals (CI)) from baseline to eight-week follow-up, in change scores (baseline
minus follow up) for participants with subacromial impingement syndrome, and between-group differences (BIONEX minus NEX), for the participants allocated to
the BIONEX or NEX group, intention-to-treat population.

Variables BIONEX group NEX group Between-Group p-value

Change (95% CI) Change (95% CI) difference (95% CI)

(n= 26) (n= 23)

Primary self-reported outcome
NPRS past 7 days 2.23 (1.23; 3.22)w 2.04 (1.06; 3.03)w 0.18 (−1.56; 1.19) 0.73base

Secondary self-reported outcomes
NPRS now 1.27 (0.34; 2.20)w 1.17 (0.13; 2.22)w 0.10 (−1.46; 1.27) 0.53base

NPRS past 24 h 2.08 (0.96; 3.20)w 1.00 (−0.27; 2.27) 1.08 (−2.72; 0.56) 0.40base

DASH total 8.00 (4.45; 11.55)w 8.61 (3.51; 13.72)w −0.62 (−5.32; 6.55) 0.73base

DASH work* 10.11 (1.16; 19.06)w 5.19 (−2.63; 13.01) 4.92 (−16.64; 6.80) 0.39base

DASH sport** 5.43 (−6.28; 17.14) 12.05 (3.19; 20.91)w −6.62 (−7.99; 21.23) 0.32
OSS −3.88 (−5.72; −2.04)w −4.25 (−6.39; −2.10)w 0.36 (−3.09; 2.37) 0.99base

Abbreviations: BIONEX EMG-biofeedback neuromuscular shoulder exercise group; NEX neuromuscular shoulder exercise group; NPRS Numeric Pain Rating Scale
(0–10, 10=worst pain); DASH Disability of Arm Shoulder and Hand (1–5, 5=worst); OSS Oxford Shoulder Score (0–4, 0=worst); significant effect of baseline
values (=base); significant within group-differences from baseline to follow-up (=w).
* n=24 for BIONEX, n= 19 for NEX.
** n= 15 for BIONEX, n= 12 for NEX.

Fig. 2. Secondary self-reported outcome of Numeric Pain Rating Scale (NPRS) at baseline and each week (week 1–8) after baseline for BIONEX vs. NEX among
participants with subacromial impingement syndrome (ITT population). Data points represent means and error bars indicate 95% CI/SD. * (stars) denote significant
within-group changes between two week numbers.
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5. Limitations

As described the current age criteria were selected to represent the
general population, in contrast with previous studies (De Mey et al.,
2012; Huang et al., 2013) (eg. current 42–50 years versus previous
athletic populations of about 25 years). Further, the current study used
the diagnostic criteria for SPS on which the patho-etiology was based
and not scapular muscle imbalance, since muscle imbalance may be
invisible and even non-symptomatic (Belling Sorensen and Jorgensen,
2000).

A major strength is the rigid design with appropriate sample size,
standardised tests for inclusion (Juul-Kristensen et al., 2006; Vind et al.,
2011), and procedures for electrode placement, normalisation of EMG
signal, experimental testing (Holtermann et al., 2010; Ludewig and
Cook, 2000), besides the random allocation to intervention groups with
blinded assessors during data sampling and analyses.

6. Conclusion

In summary, EMG-biofeedback did not seem to make a difference.
As both BIONEX and NEX were effective in reducing pain to a clinically
relevant level, the current neuromuscular shoulder exercise protocol
can be recommended to patients with subacromial pain syndrome.

Future research should focus on subgroup analyses on those parti-
cipants with the most altered shoulder neuromuscular strategies at
baseline, besides further development of biofeedback procedures for
use in clinical practice.
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