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Abstract: A randomized control trial (clinicaltrial.gov identification NCT04521504) was conducted to test if the 

combination of a rehabilitative protocol with a kinematic visual biofeedback tool could improve the functional 

level of patients arthroscopically treated for rotator cuff tear, both in the short- and medium-term assessments. 

Forty patients (aged between 35 and 65 y.o., employed at the time of the enrollment) were randomly assigned 

to two groups: Control group (C, n°21 patients) and Biofeedback group (B, n°19 patients). The primary outcome 

used for the assessment of shoulder functional performances was the Scapula-Weighted Constant-Murley 

Score. Patients were assessed longitudinally: before surgery, 45 days after surgery, at time of return-to-work, 

and at a final follow-up between 6 and 12 months. Results showed no biases for the two groups before the 

administration of the experimental protocol; significantly higher scores for B compared to C were found only 

at time of return-to-work. Based on results, we could conclude that the biofeedback training allowed patients 

to return to work in a better functional condition. This trial was funded by the National Institute for Insurance 

against Accidents at Work (INAIL). 
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1. Introduction 

Rotator cuff (RC) tear is a common disorder of the shoulder. Clinical presentation is 

characterized by pain and impairment of shoulder function that can affect sleeping and daily living 

activities [1]. Non-surgical treatment, such as physical therapy and antiflammatory drugs, can be the 

first-line approach [2]. When conservative measures fail or when the tendon lesion is immediately 

too extensive, surgeons generally proceed with an arthroscopic-assisted repair. After surgery, 

physical therapy is required to facilitate the healing of the repaired tendon, restoring shoulder 

function, and allowing the return to  social activities and work [3,4].  

Despite the best repair techniques, the risk of failure after arthoscopic repair (recurrence) is well 

documented [5-8], ranging from 16% to 94% [9,10]. RC re-tear generally occurs within 6 months [5,11], 

while for large tears (i.e. > 4 cm), 78% of failures occur within 3 months [11]. These studies show that 

the healing of the repaired tendon is a complex process that lasts over time. A laboratory investigation 

showed that abnormal scapula motion (i.e. scapular dyskinesis) produces overloads in structures of 

the cuff, altering the biological compostion of the tendon and therefore their mechanical properties 
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[12]. Postoperative rehabiliation should correct scapular dyskinesis, thus preventing impairment of 

tendon healing and risk of re-tear [12]. The re-education of the scapular movement thus becomes a 

fundamental aspect of the post-surgical recovery [13].  

Currently this type of re-education is carried out by the physiotherapist who, both in the passive 

and active mobilization phase, pays attention to the scapular movements performed by the patient, 

trying to correct scapula dyskinesis with tactile feedbacks and verbal instructions. Unfortunately, the 

administration of clinical evaluation scales does not provide a substantial support during the 

evaluation of scapula dyskinesis as they often ignore scapular moments (e.g. the Constant-Murley 

Score or the American Shoulder and Elbow Score): only movements of humerus elevation and 

rotation of the gleno-humeral joint are analyzed. Quantitative motion analysis might be considered 

as an alternative option. While effective to quantify scapula dyskinesis longitudinally at specific time-

points of the rehabilitation program [14,15], its exploitation as real-time biofeedback tool is extremely 

limited [16,17], with none reporting about the application of kinematic biofeedback for recovering 

after rotator cuff tear surgical repair.  

ISEO (INAIL Shoulder and Elbow Outpatient protocol) is one of the most frequently used and 

documented motion analysis systems for the evaluation of shoulder biomechanics [18], including the 

scapulo-humeral coordination (SHC). ISEO can provide real-time visual representation of scapula 

dyskinesis on a computer screen while the patient performs arm movements, under the supervision 

of a physical therapist. Its exploitation as assessment tool is well-described [19], but its use as visual 

biofeedback device during physical therapy has never been documented. 

Therefore, aim of this Randomized Control Trial (RCT) was to test whether a rehabilitation 

program including sessions with supervised visual biofeedback can improve shoulder function in 

patients arthroscopically treated for rotator-cuff tear. As primary outcome, we hypothesized that 

patients completing this newly developed program exhibit statistically and clinically higher scores in 

the Scapula-Weighted Constant Marley Score (SW-CMS) [14,15] both in the short- and medium-term 

assessments. 

2. Materials and Methods 

2.1. Instrumentation 

ISEO is an ambulatory motion analysis protocol based on inertial and magnetic sensors (Xsens 

Technologies, NL), intended to collect kinematic data of the shoulder in every-day-life clinical 

contexts. For the purpose of this study, ISEO provides a quantitative real-time evaluation of humerus 

rotations (flexion-extension FL-EX, abduction-adduction AB-AD, internal-external rotation IN-EX), 

and scapula rotations (protraction-retraction PR-RE, medio-lateral rotation ME-LA and posterior-

anterior tilting P-A) with respect to the thorax [20], based on four wireless sensors placed over thorax, 

scapula, humerus, and forearm (Figure 1). Rotations can be visualized either over time or relative to 

each other on a screen visible both to the therapist and the patient. To visualize the scapula-humeral 

coordination (SHC), a scapula rotation is reported on the Y axis relative to a humerus rotation on the 

X axis.  
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Figure 1. ISEO setup: inertial sensors are placed over thorax, scapula spine, humerus and forearm. 

The smallest detectable change, agreement with an optoelectronic system and prediction bands 

for asymptomatic subjects have been documented in the literature [21,22].   

2.2. Primary outcome 

SW-CMS was the primary outcome to evaluate shoulder function [14,15]. With SW-CMS the 

scores of the conventional CMS assigned for humerus elevation in the sagittal and scapular planes 

are weighted on the “quality” of patient scapula rotations as measured by ISEO. Specifically, when 

the patient presents an asymptomatic side, the difference between the patient SHC of the 

symptomatic and asymptomatic side is calculated, and compared to reference bands of (bilateral) 

asymptomatic subjects [15,19]: the more the differential SHC deviates on multiple scapula rotations, 

the heavier the (negative) weighing factor, the less the points assigned. Following Fialka et al. 2005 

[23] and consistently with the validation reported in [15], the final SW-CMS is a normalized value 

relative to the CMS of the asymptomatic side. This increases the sensitivity and specificity of the score 

and more closely reflects the patient-specific expectation. 

2.3. Study design and experimental treatment 

The RCT was approved by AUSL della Romagna Ethics Committee (Comitato Etico della 

Romagna, CEROM, Italy), and it was conducted at the Cervesi Hospital Biomechanics Laboratory 

(Cattolica, Italy). The study registration number in clinicaltrial.gov is NCT04521504.  

Table 1 reports the inclusion-exclusion criteria.  

Table 1. Inclusion and exclusion criteria. 

Inclusion criteria Exclusion criteria 

• Patients with rotator cuff injuries; 

• Contralateral shoulder asymptomatic, 

valid as reference for the differential 

evaluation; 

• Patients aged between 35 and 65; 

• Both sexes; 

• Indication for arthroscopic surgery; 

• Lesions of the cuff defined as irreparable 

requiring muscle transposition operations  

• Painful contralateral shoulder; 

• Patients being treated for cancer or with 

treatment terminated no more than 6 

months ago; 
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• Active workers; 

• Rehabilitation performed at AUSL-

Romagna. 

• Patients with concomitant neurological 

pathologies; 

• Patients with spinal cord injuries; 

• Patients with lesions of the cuff in which 

infectious processes such as osteomyelitis 

pictures concur; 

• Patients with severe scoliosis; 

• Patients with recurrent cuff injuries; 

• Patients with occupational diseases or 

accidents at work. 

Importantly, all patients were employed at the time of enrollment, were recruited before 

arthroscopic surgery for rotator-cuff tear by the same surgical staff and presented a contralateral 

asymptomatic side.  

Figure 2 reports the CONSORT diagram with a graphical description of the study.  
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Figure 2. CONSORT diagram with the graphical description of the study. 

At the time of enrolment, the orthopaedic surgeon of our equip obtained the informed consent 

of patients, and, based on a randomization table, they randomly assigned them based to two groups, 

named C (Controls) and B (Biofeedback). After surgery, group C followed a conventional 

rehabilitation program, whose details are reported in [24]. Briefly, the protocol included 

hydrotherapy and manual therapy, and comprised 4 phases: 

• Phase 1: from day 1st to day 21st: immobilization in an anti-rotation sling  

• Phase 2: from day 21st to day 35th : passive gleno-humeral mobilization on scapular plane under 

90° is allowed (no rotational movements), as well as mobilization of the scapula 

• Phase 3: from day 35th to day 60th : patient can starts performing gleno-humeral extra-rotations 

and active humerus elevation exercises 

• Phase 4: from day 60th to return-to-work: dynamic strengthening exercises gradually advance, 

using weights and rubber bands, and increasing load on repaired tendon. Functional exercises 

are integrated in the recovery program. 
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Patients of group B followed an experimental rehabilitation program, in which the visual 

kinematic biofeedback exercises were integrated into the conventional rehabilitation program in 

phase 3 and 4 (active movements), starting from the session closest the 45th day after surgery.  The 

description of the biofeedback protocol is also reported in [24]. In summary, the kinematic 

biofeedback supported the execution of at least the 70% of the non-hydrotherapy rehabilitation.  

For both groups, the duration of each session was 30 minutes; for B an extension from 10 to 20 

minutes was allowed for the application of the sensors and to train (or remind) patients about the use 

of the biofeedback tool. The same physical therapy team treated all patients. The number of sessions 

per subject per week was consistent between both groups. 

2.4. Measure of treatment efficacy  

To measure the efficacy of the rehabilitation treatments on shoulder function in terms of SW-

CMS, all subjects were evaluated in 4 dedicated sessions:  

• T0: before surgery, as baseline assessment; 

• T1: 45 days after surgery, i.e. at the beginning of the biofeedback use; 

• T2: at time of return-to-work, i.e. at the end of the rehabilitation cycle;  

• T3: at a final follow-up between 6 and 12 months.  

For the symptomatic side, during each session the same surgeon completed the conventional 

CMS [15]. Then, ISEO was applied on the patient, who was asked to perform 5 consecutive shoulder 

flexions and abductions in the sagittal and scapular planes, respectively. The central 3 were 

considered for the computations of the mean SHC pattern. The asymptomatic side was assessed using 

the same procedure at T0 only. Using this measure as reference, we completed the calculation of SW-

CMS for the symptomatic side at each session.  

The DASH and ASES score, and EMG analyses of Anterior Deltoid, Posterior Deltoid, Trapezius 

(superior, middle and inferior fibers), Serratus Anterior and Pectoralis Major completed each 

assessment. They will not be reported here because they are not necessary to address our primary 

study outcome.  

2.5. Estimation of sample size 

Twenty subjects per group were estimated to get greater than 80% power (alpha = 0.05) on the 

primary outcome (SW-CMS): mean and standard deviation of SW-CMS increments over the course 

of the conventional rehabilitation protocol were reported in [15]. 

2.6. Statistical analysis 

Data was analyzed with the MATLAB programming platform (version R2015b). 

Statistical differences in SW-CMS between the two groups at baseline (T0) was checked to 

exclude any initial bias connected to the randomization of subjects in C and B. Similarly, we did not 

anticipate statistically significant differences at T1 since it is the time of the first biofeedback session. 

A Mann Whitney test was used. 

On the contrary, we hypothesized that patients in B exhibit statistically and clinically higher 

scores in SW-CMS compared to patients in C in the short and medium term, i.e. at T2 and T3. To test 

this hypothesis, we completed the following analyses on SW-CMS separately for T2 and T3:  

1) statistical differences between the median values of C (SW-CMSmC) and B (SW-CMSmB) were 

investigated with the Mann Whitney test;  

2) to test the clinical effect at group level, the difference of the medians (∆SW-CMSm) was compared 

to the correspondent Minimal Clinically Important Difference (MCID = 10 points) [25]. 

3. Results 

Forty-six patients (36-63 year-old) were recruited for this study after signing the informed 

consent. Six patients withdrew from the study: 2 patients because of time mobility constraints to 

participate in the follow-up visits; 1 patient because of a heart failure unrelated to the shoulder 
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rehabilitation; 1 patient because of the emerging addition scapula issues which required further 

interventions; 2 patients because of they decided to not proceed with the surgery. Therefore, 40 

patients completed all assessments and were considered for analyses (21 for C (age 54±5) and 19 for 

B (age 52÷6)). Median and quartiles of the distribution of Times of return-to-work are shown in Figure 

3: no statistically significant differences emerged between C and B (p=0.6930). 

Results for SW-CMS are summarized in Table 2 and Figure 4. When comparing the SW-CMS 

median values of C and B, statistically significant differences were found only at T2 (Time of return-

to-work). At T2, ∆SW-CMSm was also greater than MCID: the C median (63.5) is 12.3 points lower 

than the B median (75.8). For the other sessions, no clinical differences were found. 

 

Figure 3. Times (days) of Return to Work (T2 evaluation): boxplots of data distribution for groups C 

and B. 

Table 2. Results of the statistical analysis for SW-CMS (C vs B): the first column reports p-values 

from the comparison of data distributions (analysis of the median values); the second column 

reports the difference of the median values between the two groups, and the comparison with the 

MCID (10 points): **indicates a value greater than the MCDI. 

C = 21 

subjects 

B = 19 

subjects 

Mann-

Whitney test 

SW-CMS 

∆SW-CMSm * 

 (vs MCID) 

T0 p = 0.7466 -2.2 

T1 p = 0.7046 -6.9 

T2 p = 0.0450* -12.3** 

T3 p = 0.7573 -2.1 
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Figure 4. Boxplots of data distribution for groups C and B, at T0, T1, T2 and T3. 

4. Discussion and conclusions 

This study was developed with the purpose of testing if the combination of a rehabilitative 

protocol with a kinematic biofeedback tool could improve the functional level of patients after 

arthroscopic rotator cuff repair. Patients were randomly assigned to two groups (C - Control group 

and B - Biofeedback group), and compared based on the Scapula-Weighted Constant-Murley Score 

(SW-CMS). 

Results show no significant differences between groups in SW-CMS at T0 and T1, confirming 

that there were no biases due to the randomization process and that patients started from a 

comparable functional level post-operatively (i.e. at the start of use of the biofeedback system for 

group B). 

Results for SW-CMS showed that at T2 there were significantly higher scores for B compared to 

C from a statistical standpoint. To provide a sense of the amplitude of the difference, it should be 

noticed that this is over the MCID, i.e. clinically relevant. Since the time to return to work is not 

statistically different, the higher scores for B cannot be attributed to a prolonged rehabilitation. 

Therefore, we can conclude that the biofeedback training allows patients to return to work in a better 

functional condition. 

Results from the follow-up visit showed that the functional level of patients in B and C continued 

to improve after the end of the rehabilitation phase, but no statistically significant differences could 

be detected between the two groups. This seems to indicate that patients were functionally ready to 

return to a more active lifestyle and that this condition had a beneficial effect on function. This 

conclusion is consistent with previous observations reported in [15] on a separate set of 32 patients 

arthroscopically treated for rotator-cuff tear. In that group, the SW-CMS mean score increased from 

90 days to follow-up (6 months to 1 year) from 57.5 to 77.7. In this study, the increment between T2 

and T3 in the median value was from 75.8 to 85.4 and the mean value was from 74.3 to 84.5. 

In general, the ISEO protocol was easy to master for physical therapists and patients, but 

therapists pointed out that the stability of the software is crucial for smooth application in clinical 

settings. Further analysis will be focused on analyzing the effect on muscle activation and correlation 

between functional outcomes, activity and quality of life.  

To our knowledge, there is currently no available literature reporting the application of a 

rehabilitation protocol with a kinematic visual biofeedback tool, for the recovery of patients 

arthroscopically treated for rotator cuff tear. 

A limitation of the study is due to the outbreak of the Covid-19 pandemic, that precluded the 

possibility to recruit additional patients and schedule further follow-up visits. Therefore, the effect of 

the biofeedback therapy beyond 6 months to 1 year is unknown. 
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Furthermore, the factors leading to an improvement in shoulder function after the return-to-

work are still be clarified. A specific study to monitor the shoulder activity of patients after the 

conclusion of the rehabilitation treatment during their daily life would be highly recommendable. 
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