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Abstract:  

Background: 

The movement of the arm relative to the trunk results from coordinated 3D glenohumeral and 

scapulothoracic movements. Changes in scapula kinematics may occur after total shoulder 

arthroplasty and could affect clinical and functional outcomes.  

Objectives:  

To assess the 3D movement of the scapula during arm elevation after anatomic and reverse 

total shoulder arthroplasty.  

Design/Methods: 

This was a single-centre, non-randomized, controlled cross-sectional study. Patients with 

anatomic (n=14) and reverse total shoulder arthroplasty (n=9) were prospectively enrolled 

and were compared to age-matched asymptomatic controls (n=23). 3D scapular kinematics 

were assessed by a non-invasive, electromagnetic method during arm abduction and flexion. 

3D scapular rotations and 3D linear displacements of the barycentre (geometrical centre) at 

rest and at 30°, 60° and 90° arm elevation ; as well as scapulohumeral rhythm were analysed. 

Participant groups were compared using one-way ANOVA and Bonferroni post-hoc testing 

for normally distributed data, and Mann–Whitney U test for non-normally distributed data. 

Results/Findings: 

Total range of scapular lateral rotation and barycentre displacement were increased, 

and scapulohumeral rhythm was reduced, in patients with anatomic and reverse total 

shoulder arthroplasty compared with age-matched controls; however, the global scapular 

kinematic pattern was preserved.  

Conclusion/Interpretation: 

For patients after total shoulder arthroplasty, the increased contribution of the scapula to 

arm elevation is consistent with a compensatory mechanism for the reduced glenohumeral 
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mobility. The stability of the global scapula kinematic pattern reflects its mechanical and 

neuromotor strength.  
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Acronyms 
 

 
 
 
(by order of appearance in the manuscript) 
 
 
 
TSA : total shoulder arthoplasty 

GH: glenohumeral 

aTSA : anatomic shoulder arthoplasty 

rTSA: reverse shoulder arthroplasty 

HT: humerothoracic 

RoM: range of motion 

SHR: scapulohumeral rhythm 

CS: barycentre of the scapula 

F-QuickDASH-D/S score: shortened version of the disabilities of the arm, shoulder and hand 

outcome measure score 
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Introduction 
 

Total arthoplasty (TSA) of the glenohumeral (GH) joint is the standard treatment for 

various end-stage degenerative joint conditions, if conservative treatment fails (Buck et al., 

2008; Kim et al.,2011; Sears et al., 2012; Flurin et al., 2013). The usual strategy in the case 

of primary osteoarthritis is to implant shoulder prosthesis with an anatomic structure (aTSA, 

whereby a socket replaces the glenoid fossa and a ball replaces the humeral head). 

Recently, a reverse prosthetic structure (rTSA, with the socket fixed to the humerus and the 

ball to the glenoid fossa) has been proposed for cases of severe cuff tear, damage of the GH 

joint due to infection, or complex fractures (Flurin et al., 2013; de Toledo et al., 2012). TSA 

(whether anatomic or reverse) is generally considered to provide effective pain relief and 

function. Nevertheless, following TSA, humerothoracic range of motion (HT RoM) remains 

limited and the factors affecting functional outcomes are still debated, with large inter-

individual differences (Magermans, 2003; Bergmann et al., 2008; Boileau et al.,2006; Veeger 

et al., 2006; Wall et al., 2007). A recent study compared patients after aTSA and rTSA 

showing that pre- and postoperative RoM were larger and pre- and postoperative functional 

outcome scores were higher for patients with aTSA than rTSA (Flurin et al., 2013). However, 

active forward flexion, strength and function improved more in patients with rTSA. 

The movement of the arm relative to the trunk (HT) results from 3D coordinated 

movements of the GH and scapulothoracic joints (McClure et al, 2001; Dayanidhi et al., 

2005; Fayad et al., 2006; Ludewig et al., 2009). Scapular motion, which is essential for full, 

functional mobility of the arm, may partly compensate for the loss of GH movement in 

patients with stiff and painful shoulders (Vermeulen et al., 2002; Rundquist, 2007; Fayad et 

al., 2008).  

Most previous studies investigating shoulder kinematics in TSA have focused on GH 

RoM, and the measurement of scapula kinematics has been limited to scapulohumeral 

rhythm (SHR), expressed as a 2D ratio of GH to scapular lateral rotation (Veeger et al., 

2006; Kwon et al., 2012; Alta et al., 2014). Only one study has compared 3D scapular 

rotations in patients after aTSA and rTSA to control subjects (de Toledo et al., 2012). The 
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results showed that SHR was reduced in patients with TSA compared with the controls, 

suggesting that the scapula contributed more to total shoulder mobility (particularly with 

rTSA); however, there was no difference in the range of any of the scapular rotations 

between the patients and controls. 

The aim of the present study was to compare scapular motion in patients with aTSA and 

rTSA to age-matched controls during 2 analytic arm-elevation tasks in the sagittal (flexion) 

and frontal planes (abduction). In addition to 3D scapula rotations, we also measured the 3D 

displacement of the barycentre (geometrical centre) of the scapula (CS) to provide a direct 

and complete measurement of the kinematics of the shoulder complex, including the clavicle 

(Ludewig et al., 2009; Roren et al., 2015). 

Our principal hypothesis was that the contribution of 3D scapular kinematics (3D 

scapular rotation and 3D displacement of its barycentre) to arm elevation in patients with 

anatomic or reverse total shoulder arthroplasty would be increased compared to age-

matched controls. 

 

Methods 

Design  

This was a single-centre, non-randomized, controlled, observational study. A 

convenience sample of 23 patients who had undergone shoulder arthroplasty (14 aTSA and 

9 rTSA), and 23 age-matched controls were included between July 2011 and January 2014  

Patients 

Patients had undergone aTSA or rTSA for shoulder osteoarthritis without or with 

massive rotator cuff tear, respectively. Control subjects were selected from a list of age-

matched asymptomatic subjects without clinical or radiological shoulder abnormalities. The 

time between surgery and assessment was 3 to 120 months for aTSA and 3 to 96 months for 

rTSA (Table 1). None of the participants had any contraindications to active arm elevation or 

recording with an electromagnetic device.  
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Demographic, clinical and kinematic data were assessed by the same experimented 

operator (A.R or F.F) on the same day for each patient or control subject. Patients rated the 

maximal pain that they had experienced during daily life activities within the last 48 h on a 

visual analog scale (VAS) (in mm: 0 = no pain, 100 = extreme pain) (Huskisson, 1974). 

Disability was assessed using the French version of the Constant-Murley Shoulder Outcome 

Score (Constant and Murley, 1987; Livain et al., 2007) and the short version of the Hand-

Disability/Symptom scale (F-QuickDASH-D/S score) (Fayad et al., 2009). Perceived 

handicap relating to the operated shoulder was measured using a visual analog scale (0-

100) (Duruoz et al., 1996; Spacek et al., 2004).  

The study protocol was approved by the local institutional review board and all subjects 

provided informed consent. 

Kinematics analysis  

Kinematics analysis was performed as described in (Roren et al. 2012). Briefly, the 3D 

positions and orientations of the thorax, scapula and humerus were tracked at 30 Hz by 4 

Polhemus Fastrak sensors. After preliminary calibration of the bony landmarks, the local 

coordinate system was computed for each segment, then the joint rotations were expressed 

in Euler angles according to the protocol of the International Society of Biomechanics (van 

der Helm, 1997). The study focused on GH and HT rotations, 3D scapular rotations 

(internal/external, medial/lateral, and anterior/posterior tilt, Figure 1), 3D positions and 3D 

displacements of the CS relative to the centre of the thorax (CSx: medial/lateral, CSy: 

superior/inferior, CSz: anterior/posterior), measured at rest (arms by the sides) and between 

rest and 30°, 30° and 60° and 60° and 90° of HT ele vation. SHR was defined as the ratio of 

GH RoM to scapular lateral rotation (ML) during a 30° HT elevation (E) from rest to 90° arm 

elevation: SHRE = (GHE– GHE-30) / (MLE - MLE-30). Maximum HT and GH elevation was also 

measured. 

Each participant performed 2 successive trials of each task in standing: arm flexion and 

abduction. Subjects were trained before the recordings and were instructed to avoid moving 
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the trunk and to return to the resting position within 16 sec. The two trials were then 

averaged and the average was used for the statistical analysis. 

Statistical analysis 

Demographic, scapular kinematic and clinical (when applicable) variables were 

described for each group of participants by their means (SD). The Kolmogorov-Smirnov test 

with the Lilliefors option revealed that overall, the data were normally distributed, except for 

CS displacement between rest and 30° arm elevation and SHR. Normally distributed data 

were compared using one-way ANOVA with the factor Group (aTSA, rTSA and control). 

Bonferroni post-hoc testing was used as appropriate to adjust for multiple pairwise 

comparisons. A Mann–Whitney U test was used to compare CS displacement for the 3 

groups (aTSA, rTSA and controls) between rest and 30° arm elevation and SHR. SYSTAT 9 

software was used for all analyses and p<0.05 was considered significant. 

 

Results 

Demographic characteristics and functional status (Table 1) 
 

Demographic characteristics did not differ significantly between groups (aTSA, rTSA and 

controls). Perceived handicap was greater in the rTSA group (mean [SD] 62.9/100 [26.2]) 

than the aTSA group (35.8/100 [14.0], p=0.007) and the Constant subscore for pain was 

greater in the rTSA (mean 12.8/15 [3.2]) than the aTSA group (8.9/15 [4.2], p=0.043). There 

were no other statistical differences between aTSA and rTSA. 

Changes in HT and GH RoM (Table 1) 

During arm flexion, there were between group differences for HT RoM and GH RoM 

(F(2,43)=10.85 and F(2,43)=7.78 respectively). Post-Hoc testing showed that HT RoM was 

lower in patients with aTSA (mean [SD] 108.0° [29.5 ]) and rTSA (108.7° [16.7]) than controls 

(134.8° [10.6], p<0.01). GH RoM was also lower in b oth patients with aTSA (67.7° [20.7]) and 

rTSA (71.2° [18.6]) than controls (89.4° [14.5], p< 0.04). 

During arm abduction, between group differences were found for HT RoM and GH RoM 

(F(2,43)=10.39 and F(2,43)=10.86 respectively). Post-Hoc testing showed that HT RoM was 
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lower in patients with aTSA (100.0° [27.1] and rTSA  (103.2° [16.5]) than controls (129.8° 

[18.9], p<0.01). GH RoM was lower in patients with aTSA (59.2° [18.9] and rTSA (66.1° 

[15.5] than controls (88.2° [20.7], (p<0.01). 

Changes in 3D scapular kinematics (Figures 1 and 2) 

At rest, the scapula was medially rotated in both patient groups but laterally rotated for 

controls (Table 2).  

Total scapular lateral rotation RoM (from rest to 90°) differed between groups during arm 

flexion (F(2,37)=9.28) and abduction (F(2,35)=8.11). During arm flexion, it was greater for 

patients with aTSA (mean [SD] 35.6° [6.7]) and rTSA  (27.7° [5.1]) than controls (24.7° [7.7]) 

but the difference was only significant for patients with aTSA (p<0.01). During arm abduction, 

it was greater for patients with aTSA (mean [SD] 36.0° [5.6]) and rTSA (31.5° [5.3]) than 

controls (24.5° [9.0]), but the difference was only  significant for patients with aTSA (p<0.01) 

(Table 2).  

Scapular lateral rotation at 30° arm elevation duri ng abduction differed between groups, 

F(2,39)=3.55. It was decreased in the rTSA group compared to the controls (-1.7° [7.2] and 

6.0° [6.9] respectively, p<0.04) (Table 2).  

There were also between group differences for CS displacement. During arm flexion, CS 

displacement differed significantly between groups for 30° to 60° and 60° to 90° arm 

elevation (F(2,42)=5.61 and F(2,39)=5.29, respectively). CSz displacement was more 

anterior for the aTSA than the control group for 30° to 60° arm elevation (-1.72 [1.4] versus -

0.13 [1.6] cm) and for 60° to 90° arm elevation (-2 .49 [1.3] versus -1.20 [1.1] cm), p<0.01 

(Table 3). CSx displacement from rest to 30° of arm  elevation was more lateral for the aTSA 

(0.79 cm [0.6]) and rTSA groups (2.01 cm [4.8]) than the control group (0.03 cm [1.0], Mann-

Whitney, p<0.01). 

During arm abduction, CSx displacement for 30° to 6 0° arm elevation differed significantly 

between groups F(2,42)= 4.92. It was more medial for the aTSA compared to the control 

group (-1.37 [0.7] versus -0.54 [0.8] cm, p<0.01) (Table 3).  

Scapular kinematics did not differ significantly between the aTSA and rTSA groups. 
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Changes in SHR (Table 4) 

During arm flexion, SHR was lower in the patients than the controls. The difference 

was significant between 30° to 60° of elevation (aT SA: 1.5 [0.7] and rTSA: 1.9 [0.9] versus 

controls: 2.2 [1.0]) and between 60° to 90° of elev ation, (0.8 [0.5] and 1.1 [0.5] versus 1.7 

[0.8]), p<0.02.  

During arm abduction, SHR was lower for the patients than the controls. The 

difference was significant between 30° to 60° of el evation (1.1 [0.7] and 1.4 [0.7] versus 2.4 

[1.4]) and between 60° to 90° of elevation (0.8 [0. 2] and 0.8 [0.3] versus 2.0 [1.5]), p<0.01.  

Global kinematic patterns during planar arm elevation (Figures 1 and 2) 

The graphic representation of the 3D scapular rotations from rest to 90° arm elevation 

showed the same global kinematic pattern in the 3 groups (aTSA, rTSA and controls): lateral 

rotation, posterior tilt and internal rotation for arm flexion and (relative) external rotation for 

arm abduction (Figure 1).  

The graphic representation of the 3D CS displacements (built from 3D CS positions) 

showed similar kinematic patterns in the 3 groups (aTSA, rTSA and controls) (Figure 2). 
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Discussion 

This is the first study to show changes in 3D scapular rotations and 3D CS 

displacements in patients with aTSA and rTSA compared with age-matched control subjects. 

The results showed that scapular lateral rotation RoM was increased between rest and 90°, 

SHR was decreased between 30° and 90° arm flexion a nd abduction, and CS displacements 

were increased in the patient groups. Nevertheless, the amplitude of the differences was 

small, and the global pattern of scapular rotation kinematics was preserved.  

The results showed that GH RoM was significantly lower for both the aTSA and rTSA 

groups compared with the control group, which corroborates with the results of previous 

studies (Veeger et al., 2006, de Toledo et al., 2012).  

In both patient groups, the scapula was medially rotated at rest. This particular scapular 

posture has already been described in previous studies that assessed scapular kinematics in 

patients with aTSA (de Toledo et al., 2012). In the present study, the results for SHR in 

asymptomatic shoulders at 30° to 90° arm elevation agreed with the findings of previous 

studies that the scapular lateral rotation contributed to approximately one-third of the active 

HT elevation (Inman et al., 1996, Ludewig et al., 2009, Scibek and Carcia, 2012). SHR was 

significantly reduced in both aTSA and rTSA groups, with no difference between groups, 

which is also in agreement with previous studies (Kwon et al., 2011, de Toledo et al., 2012; 

Alta et al., 2014). The increase in total scapular lateral rotation RoM, and the decrease in 

SHR in patients with aTSA and rTSA compared to controls demonstrates the greater 

contribution of scapular lateral rotation to arm elevation in patients with TSA, as has been 

shown in many previous studies (Veeger et al., 2006; Mahfouz et al., 2005; Kontaxis et al., 

2008; Kwon et al., 2011; de Toledo et al., 2012).  

Whether the greater contribution of scapular lateral rotation to arm elevation in TSA 

patients than controls is due to the pathology or the surgery is unclear. In fact, patients with 

GH osteoarthritis have been shown to have increased lateral rotation (Fayad et al., 2008), 

and many studies have shown that massive rotator cuff tears are associated with increased 
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scapular lateral rotation during arm elevation (Graichen et al., 2001; Michener et al., 2003; 

Mell et al., 2005; Kibler et al., 2013). Increased scapular lateral rotation may therefore reflect 

a compensatory mechanism by the scapula to maintain arm elevation despite the decrease 

in GH RoM. The large CS medial/lateral displacements (CSx) found in patients with aTSA 

and rTSA in the present study could also be interpreted as a compensatory mechanism to 

maintain arm elevation. 

Nevertheless, despite small differences in amplitude during rest to 90° arm elevation, 

the global kinematic patterns of 3D scapular rotations and 3D CS displacements in relation to 

the thorax were similar in all 3 groups. The global kinematic patterns of rotations were 

consistent with those found in many studies of healthy subjects (Meskers et al., 1998; 

Pascoal et al., 2000; Mc Clure et al., 2001; Borstad and Ludewig, 2002; Fayad et al., 2006, 

Crosbie et al., 2008; Borstad et al., 2009; Ludewig et al., 2009), as were the RoM and 

direction of the CS displacements from rest to 90° for arm flexion (mainly lateral (CSx) and 

anterior (CSz) displacement) and abduction (mainly medial (CSx) displacement) (Roren et 

al., 2015). Furthermore, the 3D scapular rotations and 3D CS displacements in the aTSA, 

rTSA and control groups well reflected the coupling between scapular rotations and 

translations (mainly coupling between internal rotation and lateral (CSx) and anterior (CSz) 

displacement and between posterior tilt and inferior (CSy) displacement), and showed that 

the fine coordination between scapular and clavicular motion is preserved following TSA 

(Roren et al., 2015). These findings reflect the mechanical and neuromotor strength of the 

scapular kinematic pattern, despite reduced HT RoM and radical changes in GH anatomy 

(reverse relationship between scapular and humeral components).  

This study has several limitations. Firstly, the sample was small, however, the controls 

were age-matched, which rules out the known effect of aging on scapular kinematics 

(Culham and Peat, 1993; Endo et al., 2004). The standard deviations were often large; 

nevertheless, intra- and inter-individual variability in scapular kinematics has been reported in 

several studies (Pascoal et al., 2000; Meskers et al., 2007; Roren et al., 2013). Pain could 

have interfered with the results for GH range of motion and scapular kinematics (Lawrence et 
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al., 2014a,b), however, it is not possible to isolate the effect of pain from that of other factors 

linked to pathology and the consequences of surgery (residual peri-articular stiffness, 

mechanical limits of the prosthesis, proprioceptive impairment etc.). The major limitation is 

that patients were not assessed before surgery, thus we were not able to differentiate the 

effects of the pathology from those of the surgery.  

 
 

Conclusion 

In accordance with our hypothesis, the contribution of 3D scapular kinematics to arm 

elevation was greater in patients with TSA than control subjects, suggesting that the scapula 

compensates for the loss of GH mobility. Nevertheless, the global pattern of scapular 

kinematics was preserved, demonstrating the mechanical and neuromotor strength of this 

pattern. Future studies should compare scapular kinematics before and after arthroplasty to 

determine whether the change in kinematics is related to the pathology or the surgery.  
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Figure legends 

 

 

Figure 1. 3D scapular rotations relative to the centre of the thorax, during arm flexion and 
arm abduction from rest to 90° arm elevation for pa tients with anatomic (aTSA) and reverse 
(rTSA) total shoulder arthroplasty and controls. Medial rotation and anterior tilt are expressed 
by negative values. Data are mean±SD. 

 

Figure 2. 3D displacements of the barycentre of the scapula (CS) (built from 3D CS 
positions), relative to the centre of the thorax, during arm flexion and arm abduction from rest 
to 90° arm elevation for patients with  anatomic (aTSA) and reverse (rTSA) total shoulder 
arthroplasty and controls. Lateral, superior and posterior CS displacements are expressed by 
increasing values. Data are mean±SD. 
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Table 2: 3D scapular rotations for aTSA and rTSA patients and controls  
 

Arm Movement Scapular rotation (degrees) aTSA rTSA Controls 

Flexion Internal/external rotation rest 32.4 (4.6) 34.9 (6.0) 34.0 (5.5) 
30° 34.9 (9.7) 36.6 (6.0.) 36.0 (5.1) 
60° 43.4 (7.0) 42.8 (7.7) 40.1 (6.1) 
90° 47.9 (10.2) 48.9 (10.5) 45.6 (7.9) 

Medial/lateral rotation rest -1.8 (6.0) -0.8 (6.5) 4.0 (6.0) 

 30° 7.1 (10.5) 8.1 (16.3) 7.6 (5.7) 

 60° 17.1 (7.2) 13.8 (10.6) 19.4 (8.7) 
 

Total scapular RoM 
90° 34.2 (6.7) 25.7 (7.4) 30.9 (9.4) 
rest-90° 35.6 (6.7) 27.7 (7.1) 24.7 (7.7) 

Anterior/posterior tilt rest -12.6 (4.1) -12.0 (6.8) -10.9 (5.1) 
30° -9.0 (6.0) -8.8 (7.8) -8.2 (5.7) 
60° -3.3 (7.2) -1.0 (7.5) -5.6 (6.5) 
90° -1.2 (9.7) -0.4 (9.1) -3.9 (8.5) 

Abduction Internal/external rotation rest 29.5 (5.2) 31.6 (5.1) 31.6 (5.9) 
30° 27.6 (6.7) 31.3 (5.8) 30.2 (7.7) 
60° 25.2 (8.8) 29.4 (8.2) 30.1 (8.6) 
90° 24.5 (12.6) 28.5 (12.9) 32.1 (9.2) 

Medial/lateral rotation rest -1.5 (6.3) -1.4 (6.5) 3.4 (5.9) 

 30° 4.0 (7.0) -1.7 (7.2) 6.0 (6.9) 

 60° 18.9 (7.2) 12.8 (9.8) 17.6 (9.8) 

 90° 34.4 (5.2) 29.2 (9.4) 29.7 (10.2) 
Total scapular RoM rest-90° 36.0 (5.6) 31.5 (5.3) 24.5 (9.0) 

Anterior/posterior tilt rest -13.1 (4.1) -13.2 (7.3) -11.6 (5.2) 
30° -11.6 (6.2) -13.0 (6.8) -9.1 (6.1) 
60° -11.0 (7.4) -10.9 (6.8) -8.5 (6.8) 
90° -4.6 (11.1) -7.5 (9.7) -4.9 (10.5) 

RoM: range of motion, Medial rotation and anterior tilt are expressed by negative values, In bold: 
significant difference between aTSA or rTSA and controls, p<0.05. 
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Table 3: 3D barycentre of scapula (CS) displacement for aTSA and rTSA patients and 
controls 
 

 

Arm movement CS displacement (cm) aTSA rTSA Controls 

Flexion CSx 
 

rest-30° 0.79 (0.6) 2.01 (4.8) 0.03 (1.0) 
30°-60° 1.41 (0.9) 0.56 (0.7) 1.17 (2.6) 
60°-90° 1.55 (1.2) 0.88 (1.3) 1.0 (1.0) 

CSy 0°-30° -0.42 (0.7) -0.20 (0.9) 0.1 (1.0) 

 30°-60° -0.68 (1.5) -0.94 (0.9) -0.12 (0.7) 

 60°-90° -0.51 (1.8) -0.43 (0.8) 0.22 (1.1) 

CSz rest-30° -0.35 (0.7) 0.37 (1.3) 0.07 (0.7) 

 30°-60° -1.72 (1.4) -1.14 (0.8) -0.13 (1.6) 

 60°-90° -2.49 (1.3) -1.81 (0.9) -1.20 (1.1) 

Abduction CSx rest-30° -0.52 (0.4) -0.34 (0.3) -0.59 (0.9) 

 30°-60° -1.37 (0.7) -1.2 (1.1) -0.54 (0.8) 

 60°-90° -1.16 (1.6) -2.18 (1.2) -0.74 (1.7) 

CSy 0°-30° 0.19 (0.5) 0.25 (0.2) 0.30 (1.1) 

 30°-60° 0.39 (1.5) 0.44 (1.0) 0.34 (1.1) 

 60°-90° 0.38 (2.5) 0.19 (1.2) 0.50 (1.7) 

CSz rest-30° 0.52 (0.8) 0.25 (0.2) 0.41 (0.6) 

 30°-60° 1.01 (1.0) 0.82 (0.9) 0.53 (0.8) 

 60°-90° 0.67 (1.3) 0.99 (1.5) 0.30 (1.4) 

CSx: medial/lateral displacement, CSy: superior/inferior displacement, CSz: anterior/posterior 
displacement, increasing CS values indicate lateral displacement (CSx), superior displacement 
(CSy) and posterior displacement (CSz). In bold: significant difference between aTSA or rTSA and 
controls, p<0.01.  
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Table 4: Scapulohumeral rhythm for aTSA and rTSA patients and controls  

 

Arm elevation aTSA rTSA Controls 

Flexion (degree range)    

rest-30° 3.0 (2.2) 1.9 (1.2) 4.2 (5.3) 
30°-60° 1.5 (0.7) 1.9 (0.9) 2.2 (1.0) 
60°-90° 0.8 (0.5) 1.1 (0.5) 1.7 (0.8) 
Abduction (degree range)    
rest-30° 2.2 (2.6) 4.4 (1.6) 4.4 (3.8) 
30°-60° 1.1 (0.7) 1.4 (0.7) 2.4 (1.4) 
60°-90° 0.8 (0.2) 0.8 (0.3) 2.0 (1.5) 

In bold: significant difference between aTSA or rTSA patients and controls, Mann Whitney U test, p<0.05 
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Table I.  Demographic and clinical characteristics of patients with anatomic (aTSA) and reverse (rTSA) total shoulder arthoplasty and controls 
with asymptomatic shoulders 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics   
 

aTSA rTSA  Control s 
n=14 n=9 n=23 

Demographic data  Sex F (%) 71.4 88.9 73.9 
 Age (years), mean (SD) 76.2 (7.6) 78.7 (6.9) 75.5 (7.6) 

Time from surgery (months), mean (SD) 34.4 (45.5) 35.2 (37.0)  
Hand dominance right (%) 100 100 100 

Shoulder range of 
motion (in degrees)  

Flexion  HT maximal elevation, mean (SD) 108.0°(29.5)  108.7° (16.7)  134.8° (10.6)  
GH maximal elevation, mean (SD) 67.7° (20.7)  71.2° (18.6)  89.4° (14.5)  

Abduction  HT maximal elevation, mean (SD) 100.0° (27.1) 103.2° (16.5)  129.8° (18.9)  
GH maximal elevation, mean (SD) 59.2° (18.9) 66.1° (15.5)  88.2° (20.7)  

Perceived handicap,  0-100 mean (SD) 35.8 (14.0) 62.9 (26.2)  
Pain (VAS)  0-100, mean (SD) 33.6 (27.1) 54.9 (27.2) 
F-Quick DASH-D to S score  0-100, mean (SD) 41.1 (18.4) 51.1 (12.3) 
F-Constant -Murley  
Shoulder Outcome 
Score  

Pain 0-15, mean (SD) 12.8 (3.2) 8.9 (4.2) 
Function 0-20, mean (SD) 14.9 (4.6) 12.3 (4.6) 
Mobility 0-40, mean (SD) 22.6 (10.6) 19.7 (9.3) 
Strength 0-25, mean (SD) 7.2 (9.9) 3.0 (2.0) 
Total 0-100, mean (SD) 46.9 (25.1) 41.3 (20.4) 

Time from surgery: time between surgery and assessment in months.  Shoulder range of motion was measured with the electromagnetic device. 
Maximal pain during daily life activities within the last 48 h on visual analog scale (VAS) in mm (0 = no pain, 100 = extreme pain), F-Constant-Murley 
Shoulder Outcome Score: French version of the Constant-Murley Shoulder Outcome Score, F-QuickDASH-D/S: French version of the short version 
of the Disability of the Arm, Shoulder and Hand-Disability/Symptom scale. HT= Humerothoracic, GH= glenohumeral, RoM= range of motion. In bold: 
significant differences between aTSA  or  rTSA and controls; In italics: significant differences between aTSA and rTSA, p<0.05 
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Figure1: 3D Scapula rotations during arm elevation for aTSA, rTSA and controls 
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Figure2: 3D CS displacements during arm elevation for aTSA, rTSA and controls 
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Highlights 

 

• Total range of scapular lateral rotation and barycentre displacement are 
increased  

• The global scapular kinematic pattern is preserved 
• Modified kinematic pattern suggests a compensation mechanism  


