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SUMMARY 

A protocol, named ISEO, based on inertial and magnetic 

sensors, was developed to measure the scapulo-humeral 

rhythm (SHR). A group of patients surgically treated for 

rotator cuff tear was considered during a standard 

rehabilitation period of 90 days after surgery. The study aimed 

at understanding if and when the SHR of the affected side 

becomes close to the SHR of the controlateral side, in terms of 

consistency, similarity and ranges of motion. Results suggest 

that at 90 days most patients increase humerus elevation at the 

expense of scapula compensatory movements, especially 

during humerus flexion.  

 

INTRODUCTION 

A protocol, named ISEO, has been developed by Centro 

Protesi INAIL (Italian Workers’ Compensation Authority) to 

analyze the scapulo-humeral rhythm (SHR) in outpatient 

clinics, based on inertial and magnetic sensors positioned over 

the thorax, scapula, humerus and forearm [1]. ISEO accuracy 

and intra- and inter-rater reliability have been analyzed [2,3].  

One of the application of ISEO within the working sector, will 

be to support clinicians in deciding if a patient should refrain 

from working and concentrate on rehabilitation or return to the 

standard duties. With this ultimate goal, ISEO is currently 

applied to assess the evolution of the SHR during 

rehabilitation of patients surgically treated for rotator cuff tear, 

which is the most diffused shoulder pathology in workers [4].  

In particular, this study aimed at understanding if and when 

the SHR of the affected side becomes close to the SHR of the 

controlateral (reference) side, in terms of: 

Q1) consistency of the curves within a day;  

Q2) similarity of the curves;  

Q3) ranges of motion (ROMs); 

considering the standard expected recovery period of 90 days 

after surgery and a commonly applied rehabilitation protocol.  

 

 

METHODS 

Eleven subjects (52±11 years-old) were involved in the study 

(after giving their informed consent), together with a rater 

familiar with ISEO. Patients were all treated arthroscopically 

for rotator cuff tear of the supraspinatus. All controlateral 

sides were clinically evaluated as fully functional for the age 

of the patient, and thus the controlateral side will be named 

hereinafter “sound side”.  After surgery, patients were asked to 

keep their affected arm at rest for 21 days. Then, they 

followed from 2 to 3 sessions of physiotherapy/week with 

passive mobilizations without external rotations. At 35 days, 

they started a water-therapy exercise program twice a week, 

together with passive mobilizations including rotations, twice 

a week.  Between 65 to 70 days, they started active exercises 

for force recovery with elastic bands.  

Three measurement sessions of the affected and sound SHRs 

were completed for each subject at 45, 70 and 90 days. In each 

session, a minimum of 7 humerus flex-extension (FE) and ab-

adduction (AA) movements were measured, but the central 3 

were considered for subsequent computations. For every 

movement the three scapula rotations were measured, i.e. pro-

retraction (PRRE), medio-lateral (MELA) and posterior-

anterior tilting (PA) as well as the humerus-thorax FE (during 

FE movements) and AA (during AA movements). Only the 

upward movements were considered as they required an active 

anti-gravitational control of the arm. A total of 6 angle-angle 

plots were obtained for each subject and side, namely 

PRRE/MELA/PA vs FE and PRRE/MELA/PA vs AA, and on 

each we reported 3 groups of 3 SHR curves (i.e. 3 curves per 

session). To have a single reference to compare the affected 

side’s SHRs, for each subject it was chosen the most 

representative SHR of the sound side among the three 

available, following the criteria suggested in [5]. 

To answer to Q1, we measured the consistency of the 3 curves 

within each angle-angle plot for the sound side and for each 

session of the affected side, through the Coefficient of 

Multiple Correlation (CMC). In particular, we used the CMC 

formulation named CMC1 [5]. We assumed that the 

consistency of the curves of the affected side is equivalent to 

that of the sound when [5]: 

 CMC1-AFFECTED ≥ CMC1-SOUND, when CMC1-SOUND ≤ 0.95; 

 CMC1-AFFECTED ≥ 0.95 if CMC1-SOUND > 0.95. 

To answer to Q2, for each session and angle-angle plot, we 

measured the similarity between the 3 curves of the affected 

side and the 3 curves of the sound, for the common range of 

humerus elevation. This was done through the CMC 

formulation named CMC2 [5]. We assumed that the SHR of an 

affected side sufficiently matches that of the sound when 

CMC2 ≥ 0.95 for MELA  and PA, and CMC2 ≥0.85 for PRRE, 

as these thresholds represent the maximum uncertainty in the 

similarity between curves due to the re-application of the 

protocol by the same rater [3].  

To answer to Q3, for each session and angle-angle plot we 

computed: 

1) the difference between the ROM of humerus elevation of 

the sound and affected side (∆ROMH); 

2) the difference between the ROMs of scapula 



PRRE/MELA/PA of the sound and affected side (overall 

referred to as ∆ROMS), for the common ROM of humerus 

elevation.  

To assess if ∆ROMH changes over the three sessions, we 

performed a Friedman test (p<0.05). Instead, the scapula 

ROMs of the affected side are assumed to be significantly 

different from the associated ROMs of the sound, when 

∆ROMS are above the Smallest Detectable Differences (SDD) 

that take into account the intra-rater reliability of ISEO [3]. 

 

 

RESULTS AND DISCUSSION 

Results for CMC1 (question Q1) showed that the consistency 

of the SHR curves of the affected side tends to increase toward 

the sound consistency, for all scapula angles. A limited 

number of patients exhibited relevant differences at the third 

session, i.e. 3/11 for MELA during FE and AA, and 2/11 for 

PA during AA. 

Results for CMC2 (question Q2), are reported in Figure 1 and 

show that there is a general increase in the similarity between 

the affected and sound SHR over sessions. A greater increase 

in similarity can be observed for the AA movement, while FE 

appears more critical. In general, however, for more than half 

of the patients the affected side SHR remains different from 

the controlateral; MELA and PRRE appears to be the scapula 

angles for which the recovery is slower: in the last session 

10/11 and 9/11 patients have significant differences between 

sides during FE, respectively.  

 

 
Figure 1: Results for CMC2 in FE (upper) and AA (bottom): 

dark-grey and light-grey bars represent the n° of subjects with 

CMC2 values respectively below or above the threshold of 

similarity (0.95 for MELA and PA, 0.85 for PRRE). 

 

Regarding Q3, the Friedman test indicates that there are 

significant difference in ∆ROMH among sessions. In 

particular, post-hoc tests indicate that there is a statistically 

significant difference between session 1 vs 3 and 2 vs 3 both 

during FE and AA, with an increase between 1 and 3 of 

37.54°±25.52° for FE and 42.51°±23.60° for AA. 

Results for ∆ROMS are reported in Figure 2 and show that the 

difference between affected and sound side decreases over 

sessions. A greater decrease can be observed for the AA’s 

∆ROMS, while those during FE appear more critical. ∆ROMS 

of MELA in FE and AA and ∆ROMS of PA in FE suggest that 

these scapula angles present a slower recovery-time: in the last 

session 9/11 and 8/11 patients have significant differences 

between sides for MELA respectively during FE and AA, and 

8/11 for PA in FE.  

 

 

 
Figure 2: Results for ∆ROMS in FE (upper) and AA 

(bottom): dark-grey and light-grey bars represent the n° of 

subjects with ∆ROMS values above or below the SDD [3]. 

 

CONCLUSIONS 

The aim of this study was to measure the changes of the SHR 

of the affected side of patients arthroscopically treated for 

rotator-cuff tear, over 90 days. Results show that over time the 

consistency of the SHR curves of the affected side becomes 

comparable with the consistency of the curves of the sound. 

Moreover, the ROM of humerus elevation increases 

considerably. However, relevant differences still exist at 90 

days between the SHR curves of the affected and sound both 

in terms of similarity (CMC2) and ROMs of the scapula angles 

(∆ROMS), in particular during humerus FE. This suggests that 

patients gain a repeatable pattern of the SHR with a 

functionally useful increase in maximum humerus elevation 

angle, but this is mostly obtained to the expense of 

compensatory movements of the scapula. This suggests that 

increased attention with specific exercise, e.g. based on real-

time biofeedback, should be introduced to increase the 

proprioception of the patient and quantitatively support the 

physical therapist.  
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