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1. Introduction
Restoring shoulder function in patients with massive 
rotator cuff tears (MRCT) partly relies on the motor 
system’s ability to reorganise muscle activation. Reverse 
total shoulder arthroplasty (rTSA) stabilises the gleno-
humeral centre, enabling the deltoid to compensate for 
cuff deficiency, but also induces significant neuromus-
cular adaptations (Smith et al., 2020). Understanding 
recovery after rTSA requires more than kinematic 
analysis alone, as muscle activation patterns reflect 
compensatory strategies. However, the interaction 
between shoulder kinematics and electromyography 
(EMG) remains poorly documented.

This study investigates the change in the relationship 
between thoracohumeral (TH) elevation and shoul-
der muscle activations before and after rTSA in com-
parison to asymptomatic shoulders. We hypothesised 
that postoperative kinematic improvements would be 
accompanied by a more stable and functional EMG–
angle relationship, indicating a shift towards efficient 
coordination strategies.

2. Methods
2.1 Data acquisition and preprocessing
Retrospective data were collected from asymptomatic 
(n = 20; 71.7 ± 9.7 years) and symptomatic (n = 20; 

71.8 ± 10.3 years) shoulders assessed preoperatively 
and 12 months following rTSA. All participants pro-
vided written informed consent, and the study was 
approved by the local ethics committee (CER 2025-
00773). Data acquisition was performed during four 
functional tasks: hand to mouth, hand to head, max-
imal overhead reach, and hand behind the back, each 
repeated three times.

EMG signals from the deltoid (DELTA, DELTM, 
DELTP), trapezius (TRAPM, TRAPS), and serratus 
(SERRA) were processed using: band-pass filtering 
(15–475 Hz), full-wave rectification, root mean square 
(RMS) smoothing (250 ms), and normalisation to sub-
maximal tasks. For each subject and muscle, three cycles 
per task were time normalised and averaged to obtain 
a representative EMG cycle.

TH joint elevation angle was computed for the same 
cycles using a Y-X-Y Euler sequence decomposition (Wu 
et al., 2005) and averaged similarly. The resulting mean 
EMG and TH cycles were aligned to allow the analysis 
of  the relationships. All data processing was performed 
using MATLAB (R2024b, The MathWorks, USA).

2.2 EMG–angle relationships
EMG–angle relationships were quantified at the subject 
level over the movement cycle using linear regressions, 
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and metrics were compared across groups. The regres-
sion slope indexed muscle activation relative to TH 
elevation, while the RMS deviation (RMSD) from the 
group-averaged EMG–angle curve quantified intra-
group variability and EMG–angle coupling consistency.

2.3 Statistical analysis
Two-way ANOVAs (Group×Muscle) were performed 
for regression slopes and RMSD values. When a signif-
icant Group×Muscle interaction was detected, separate 
one-way ANOVAs were conducted for each muscle, 
followed by post-hoc pairwise t-tests. When no sig-
nificant interaction was present, post-hoc tests were 
performed globally across all muscles. Significance 
was set at p < 0.05.

3. Results and discussion
3.1 EMG–angle relationships
Regression slope analysis revealed that changes in 
EMG–angle relationships (Fig. 1) were primarily driven 
by clinical status rather than muscle-specific effects 

(Table 1), indicating a global reorganisation of  motor 
control.

Preoperatively, altered DELTA recruitment was 
associated with rotator cuff deficiency and pseudopa-
ralysis (Bauer et al., 2022), reflected by reduced TH 
elevation amplitude compared with asymptomatic 
shoulders (24.4° vs 43.6°). After rTSA, the EMG–angle 
relationship of  DELTM remained altered, suggesting a 
modified functional role in restoring elevation (Pietroski 
et al., 2025), consistent with postoperative recovery of  
TH elevation (41° vs 43.6°). Differences in DELTP 
slopes between asymptomatic and postoperative groups 
indicate an increased contribution of  this muscle to 
postoperative shoulder coordination.

The TRAPM fibres showed altered EMG–angle 
coupling only preoperatively, consistent with impaired 
scapular stabilisation in MRCT, with recovery observed 
after surgery. In contrast, SERRA coupling remained 
altered postoperatively, suggesting incomplete resto-
ration of  coordination or persistent compensatory 
strategies following rTSA.

Figure 1. Comparison of normalised shoulder muscle EMG activity across thoracohumeral elevation angles between 
groups during combined functional tasks. Each plot displays the linear relationship between EMG activity and 
elevation angle for a single muscle.
Credit: Francalanci.
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3.2 Intra-group variability and coupling consistency
RMSD analysis demonstrated that EMG–angle var-
iability reflected both global motor control changes 
and muscle-specific behaviour (Table 1). No group 
differences were observed for the deltoid portions or 
TRAPM, whereas TRAPS and SERRA showed higher 
variability preoperatively compared with asymptomatic 
and postoperative shoulders. This indicates reduced 
coupling consistency before surgery and a postoperative 
return towards asymptomatic patterns.

These findings highlight the sensitivity of  scapular 
stabilisers to MRCT-related dysfunction (Hawkes et al., 
2012) and their responsiveness to rTSA. Interpretation 
should be cautious given the limited muscle set and 
task selection.

4. Conclusions
Clinical status primarily drives global motor control 
adaptations. Preoperative subjects showed altered 
recruitment patterns and high variability, particularly 
in the anterior deltoid and scapular stabilisers, whereas 
postoperative subjects exhibited more consistent EMG–
angle coupling and a reorganisation of  coordination 
strategies, with all three deltoid portions emerging as 
primary contributors to restoring thoracohumeral ele-
vation, reflecting a shift towards efficient coordination 
strategies.
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Table 1. Statistical comparison of EMG–angle relationships (slopes) and intra-group variability (RMSD) between 
groups during combined functional tasks [Credit: Francalanci]

One-way 
ANOVA
Group

Two-way ANOVA
Group×
Muscle

Post-hoc
Asymptomatic 

vs 
Preoperative

Post-hoc
Asymptomatic

 vs Postoperative

Post-hoc
Preoperative 

vs 
Postoperative

EMG-angle 
relationships 

(slopes)

Main effects
Group — <0.001* — — —

Muscle — 0.081 — — —

Interaction 
effect GroupxMuscle — 0.421 — — —

Muscles

DELTA — — 0.017* 0.066 0.244

DELTM — — 0.011* 0.049* 0.515

DELTP — — 0.057 0.026* 0.259

TRAPM — — 0.021* 0.912 0.057

TRAPS — — 0.443 0.055 0.597

SERRA — — 0.082 0.006* 0.731

Intra-group 
variability 

(RMSD)

Main effects
Group — <0.001*

— — —Muscle — <0.001*

Interaction 
effect GroupxMuscle — <0.001*

Muscles

DELTA 0.252 — — — —

DELTM 0.159 — — — —

DELTP 0.154 — — — —

TRAPM 0.404 — — — —

TRAPS <0.001* — <0.001* 0.581 <0.001*

SERRA <0.001* — <0.001* 0.263 0.005*

DELTA: anterior deltoid; DELTM: middle deltoid; DELTP: posterior deltoid; TRAPM: middle trapezius; TRAPS: upper trapezius; 
SERRA: serratus anterior; *: p < 0.05.
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