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SUMMARY 

The aim of this work was to understand if and when the 

scapulo-humeral rhythm of the controlateral side of patients 

surgically treated for rotator-cuff tear can be measured only 

once (i.e. in a single session), during longitudinal studies, or 

should be measured, together with the affected, in every 

session. Results suggest that this is possible only if a set of 3 

criteria are respected with the single session that the rater 

would like to assume as reference.  

 

INTRODUCTION 
A protocol, named ISEO, has been developed by Centro 

Protesi INAIL to analyze the scapulo-humeral rhythm (SHR) 

in outpatient clinics [1]. ISEO is based on inertial and 

magnetic sensors, positioned over the thorax, scapula, 

humerus and forearm. For positioning the scapula sensor, 

specific guidelines are provided to the rater [1]. The 

anatomical and functional frames are defined based on a static 

acquisition (with the subject standing still with the elbow 

flexed 90° and vertical humerus in neutral intra/extrarotation) 

and through a pure flexion/extension and a pure 

pronation/supination of the elbow. ISEO accuracy in 

measuring the SHR has been analyzed [2], as well as its intra- 

and inter-rater reliability [3].  

In the standard practice, ISEO is currently applied to evaluate 

the evolution of the SHR during the rehabilitation of patients 

surgically treated for rotator-cuff tear [4]. In these patients, the 

controlateral side is usually considered as reference, after 

ensuring its anatomical and functional integrity. The SHRs of 

both sides are now measured during every evaluation sessions. 

In order to save time, however, it would be optimal to measure 

the controlateral side’s SHR only once, during the first 

session. The aim of this work was therefore to: 

Q1) measure the similarity of the SHR of the controlateral side 

of rotator-cuff tear patients over time, at the same intervals 

used for the evaluation of the surgically treated side; 

Q2) if necessary, define objective and practical criteria to 

consider a controlateral SHR as an appropriate reference.  

 

 

METHODS 

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

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

familiar with ISEO. Subjects 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. Three measurement sessions of the controlateral 

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

from surgery of the affected side, respectively. 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 thus obtained for each 

subject, namely PRRE/MELA/PA vs FE and 

PRRE/MELA/PA vs AA, and on each we reported 3 groups of 

3 SHR curves (3 curves per session).  

To measure the between-day similarity of each subject and 

answer to question 1, we used the CMC formulation named 

CMC2 in [5], after removing the offset. CMC2 expresses the 

similarity of the 9 curves of the 3 sessions altogether. 

In order to have a further in-depth about the biological 

variability of each subject within-day and to have a support to 

answer question 2, we also computed the CMC in the CMC1 

formulation [5]. CMC1 expresses the average biological 

variability of the subject within each day. CMC1 and CMC2 

can be generally interpreted as in [5], i.e. as excellent if 

greater than 0.95, very good if between 0.85 and 0.95, good if 

between 0.75 and 0.85, moderate if between 0.65 and 0.75 and 

inacceptable otherwise. In order to consider the option of 

measuring the SHR of the controlateral side only once, for this 

study we assumed that the distribution of CMC2 over subjects 

must be as follows: 

1) for the angle-angle plots involving MELA: median >0.95; 

lower whiskers >0.80; 

2) for the angle-angle plots involving PRRE and PA: median 

>0.85; lower whiskers >0.75; 

These are the same acceptability ranges applied for the intra-

rater reliability of ISEO [3]. In other words, in this study we 

assumed acceptable the option of measuring the controlateral 

side just once, only if the between-day similarity is 

comparable with the intra-rater reliability, which is the 

minimum uncertainty intrinsic in ISEO. 
 

 

RESULTS AND DISCUSSION 

Results for CMC2 over the 11 subjects are reported in the box 

& whiskers plot shown in Figure 1 and indicate that there is an 

acceptable similarity between-day for MELA, even though 3 

subjects (2 for FE and 1 for AA) were classified as outliers.  



 
Figure 1:  Results from the CMC2 for all groups. 

 

For PRRE and PA, instead, the similarity does not meet the 

criteria that were assumed.  

For each angle-angle plot, if only the subjects with 

CMC1>0.95 are considered (i.e. those presenting a high 

consistency of the SHR pattern within-day), the CMC2 

distributions become those reported in Figure 2, in which the 

criteria are met for all angles and movements, with the 

exception of PA during AA.  

 
Figure 2:  Results from the CMC2 for reliable groups. 

 

The outliers highlighted in Figure 2 and the additional subject 

who moves the whisker of PA during AA to 0.73 and does not 

allow to meet the criteria for this angle, are all featured by a 

single session in which the shape of the SHR curves were 

dissimilar from those reported for healthy subjects [2,6].  

If these sessions are removed, then the CMC2 distributions are 

those reported in Figure 3, which satisfy all the criteria.  

 

 
Figure 3:  Results from the CMC2 for reliable sessions. 

 

It is important to notice that the condition on CMC1 decreases 

the number of subjects considered. This is particularly critical 

for PRRE, which appears the angle for which a sufficient 

between-day reliability is difficult to obtain due to its intrinsic 

variability within-day. This conclusion is consistent with 

previous findings [7].  

 

 

CONCLUSIONS 

From the results reported, the SHR of the controlateral side of 

patients treated for a rotator-cuff tear in their working-age 

presents a between-day similarity which is always acceptable 

for MELA; therefore, a single session can be considered. For 

PRRE and PA, instead, the between-day similarity can be 

critical for some subjects. However, for those subjects that 

satisfy the following criteria, the SHR for all scapula angles 

can be measured in a single session: 

1. during the acquisition the subject must reach its 

maximum humeral elevation; 

2. the CMC1 value must be greater than 0.95 for each 

angle-angle plot; 

3. the pattern of the curves in the angle-angle plots 

should be similar in shape to the mean pattern of 

healthy controls [2,6]. 

For those subjects that are not able to meet the criteria, it is 

proposed to repeat the acquisition of the controlateral side 

during the longitudinal study. At the end of the study, it is 

suggested either to consider the SHR of the controlateral side 

which features the highest score for CMC1 or to define a mean 

curve with subject-specific prediction bands, e.g. based on the 

bootstrap technique.  

Results from this study about PRRE, can explain why very 

few studies highlighted significant differences between 

pathologic populations and healthy controls for the part of the 

SHR involving PRRE [9, 10].  
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