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Abstract 

Background: Moment arms are an indicator of the role of the muscles in 

joint actuation. An excursion method is often used to calculate them, even 

though it provides 1D results. As shoulder movement occurs in three 

dimensions (combination of flexion, abduction and axial rotation), 

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

moment arms should be given in 3D. Our objective was to assess the 3D 

moment arms of the rotator cuff (infraspinatus and teres minor) and 

deltoid muscles for movements with high arm elevation. 

Methods: The 3D moment arms (components in plane of elevation, 

elevation and axial rotation) were assessed using a geometric method, 

enabling to calculate the moment arms in 3D, on five fresh post-mortem 

human shoulders. Movement with high range of motion were performed 

(including overhead movement). The humerus was elevated until it 

reaches its maximal posture in different elevation plane (flexion, scaption, 

abduction and elevation in a plane 30° posterior to frontal plane). 

Findings: We found that the anterior deltoid was a depressor and 

contributes to move the elevation plane anteriorly. The median deltoid was 

a great elevator and the posterior deltoid mostly acted in moving the 

elevation plane posteriorly. The infraspinatus and teres minor were the 

greatest external rotator of the shoulder. The position of the glenohumeral 

joint induces changes in the muscular moment arms. The maximal 

shoulder elevation was 144° (performed in the scapular plane). 

Interpretation: The knowledge of 3D moment arms for different arm 

elevations might help surgeons in planning tendon reconstructive surgery 

and help validate musculoskeletal models.  

Keywords 

moment arms; glenohumeral joint; geometric method; shoulder measurement 
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1. Introduction 

Moment arms, which are an indicator of muscular function and a key element to 

estimate muscular force moments, depend on the orientation of the muscle in relation to 

the joint centre of rotation. Joints with large range of motion are generally spanned with 

muscles with complex trajectories. Additionally, for the glenohumeral joint, these 

trajectories enable muscles to act as either stabilizers or actuators. Accordingly, 

evaluating muscle moment arms throughout the movement is key to understand the 

muscle function 
1
. Eno et al. 

3
 showed that a superior reattachment of the subscapularis 

tendon leads to less adductive moment arms as well as less lengthening than normal 

repairs. In case of a reinsertion 10 mm medially from the anatomical insertion of the 

supraspinatus, muscle moment arm decreased compared to the normal condition which 

also impacted muscle strength production (increase in muscle force for abduction) 
4
. We 

reported similar findings for the deltoid and other rotator cuff muscles 
5
. Furthermore, 

many shoulder disorders involve combination of movements like anterior/posterior 

flexion and internal/external rotation. Accordingly, a better understanding of the 3D 

moment arms could help to evaluate the biomechanical influence of surgical procedures 

(e.g. tendon transfers or reverse shoulder arthroplasty) on muscle and joint function 
1; 6; 7

 

and help surgeons to adequately restore joint functions. 

Two methods are commonly used to quantify moment arms: first, the tendon 

excursion and second, the geometric method 
8; 9

. The tendon excursion method is based 

on the virtual work principal. The moment arm is defined as the instantaneous gradient 

of muscle length with respect to the joint angle. Generally, one component of the 
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moment arm is expressed when moving the segment according to its primary degree-of-

freedom even if it is difficult to perform a movement involving a single degree of 

freedom at the shoulder. It is often used in cadaveric studies where only one component 

of the moment arm was estimated either in elevation or axial rotation 
10-12

 or in 

musculoskeletal modelling 
13

. In these cases, muscles are replaced by wires which did 

not account for muscle volumes. Since muscle can possibly cause moments about the 

three axes simultaneously (e.g. abduct, flex and internally rotate the humerus at the 

same time), it is important to describe all three corresponding moment arms 

components. While the tendon excursion method may seem easy to implement, it can be 

improperly used, particularly in the case of multiple degrees of freedom and muscles 

spanning more than one joint 
14

. The geometric method involves measurement of the 

perpendicular distance between the muscle’s line of action and the joint centre of 

rotation 
15

 and computes the three moment arms components. This method is used for in 

vivo measurement through medical imaging as the 3D geometry of muscles and bones 

can be reconstructed. This comes with the drawbacks of the medical imaging techniques 

used: data could only be obtained for static joint positions, one by one, and in passive 

conditions. The subject must keep the same position for a long time in a restricted 

space. Moment arms have already been estimated with the geometric method in 

shoulder musculoskeletal models 
16

 and the same principle could be applied to in vitro 

measurement over a large range of motion. 

The shoulder is a complex of joints allowing large range of motion in different 

anatomical planes
17

. Daily life and some sports activities involve shoulder motion in a 

variety of planes of elevation (throwing, lifting task) with high degree of elevation of 

the humerus (occurring beyond 120° of thoraco-humeral abduction or flexion), for 

which moment arms are not described either in the literature or in musculoskeletal 
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models. The axial rotation is well studied with 45° of internal rotation to 30° of external 

rotation 
9
. There is a need to obtain more comprehensive data about moment arms for 

motions with high amplitude especially because some rotator cuff injuries occur in large 

ranges of motion 
18

. 

The objective of this study is to measure the three components of the moment 

arms (elevation plane, elevation and axial rotation) of the deltoid, infraspinatus and 

teres minor using the geometric method during high amplitude motion.  
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2. Methods 

2.1 Specimen preparation 

Shoulders of five fresh-frozen cadavers (68 ± 10 years; 53 ± 13 kg; 162 ± 10 cm, 1 male 

and 4 females) from the department of anatomy at the Université du Québec à Trois-

Rivières were used. Shoulders with evidence of degenerative changes (e.g. 

osteoarthritis, cuff tears or signs of shoulder surgery) were excluded. The experimental 

study was approved by the institutional ethic subcommittee (CERC-19-091-R). The skin 

was removed to uncover the pectoral region ventrally and its equivalent dorsally, as 

well as the anterior and posterior sides of the arm (Fig. 1). Subcutaneous tissues were 

removed until muscles of interest (pectoralis major, deltoid, infraspinatus, teres minor 

and insertions of the subscapularis and supraspinatus) were visible. Muscles were 

identified and divided into sub-regions as follows: the deltoid (anterior – clavicular 

fibres; middle – acromion fibres; posterior – scapula spine fibres); subscapularis 

(inferior and superior); supraspinatus; infraspinatus (inferior and superior); teres minor; 

pectoralis major (inferior and superior). Each region was representative of a line of 

action (Table 1). In order to recreate these lines according to the muscle fibres direction 

and to stabilize the shoulder, muscles were loaded (Table 1). Inextensible breaded 

fishing wires were passed within each sub-region using a long needle. The direction of 

wires was chosen to reproduce the main muscles loading. At the insertion points, the 

breaded wires were either sutured at the tendon and the periosteum (for the rotator cuff 

muscles) or fixed to a screw inserted into the bone. At the muscle’s origins, tunnels 

were drilled to pass breaded wires. Then, wires were passed through a series of screw 

eyelets and pulleys and sand bags, whose weight were chosen in accordance with each 

muscle cross section area 
19

, were placed at the end of each wire 
20

.  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

Reflective markers were glued on the surface of the muscle fibres to represent 

the action lines. The number of markers was determined according to the length of each 

muscle (Table 1). More markers were placed near the insertion and where the muscles 

deformed the most to have an accurate representation of the muscle shape (Fig. 1). The 

deltoid was partially dissected and cut into three parts to uncover the rotator cuff 

muscles. Self-drilling intracortical pins were inserted into the clavicle (laterally), 

scapular spine and lateral aspect of the humerus (distal to the deltoid attachment). These 

insertion locations were determined to avoid damaging muscles of interest and to allow 

full range of motion of the shoulder. Clusters of four reflective markers were placed on 

each pin (Fig. 1).  

Prior to the tests, CT-scan (Siemens SOMATOM; slice thickness: 0.6 mm) 

images were acquired to obtain the 3D geometry of the clavicle, scapula and humerus 

and the location of their respective cluster. The field of view was defined by a matrix of 

512 × 512 pixels. The 3D bone geometry was reconstructed after manual segmentation 

using Amira (AMIRA, Mercury Computer Systems, Berlin, Germany). Bony landmarks 

were identified on the 3D bones reconstruction and used to determine anatomical 

coordinate systems according to ISB recommendations 
21

. The centre of rotation of the 

humerus was obtained by sphere fitting on the humeral head 
22

. Glenohumeral rotations 

were expressed according to the ISB recommendation which is the elevation plane, 

elevation and axial rotation angle 
21

. 
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Table 1 - Experimental set-up: the number of lines of action used for each muscle, the 

number of reflective markers used to create the line and the weights used to stabilize the 

shoulder. Subscapularis, supraspinatus and pectoralis major were not analysed in the 

present study. 

Muscles Lines of action  Number of markers Weight (in g) 

Deltoid 

Anterior 5  280 

Middle 5 200 

Posterior 5 200 

Subscapularis 
Superior 2 240 

Inferior 2 240 

Supraspinatus  2 300 

Infraspinatus 
Superior 5 350 

Inferior 5 350 

Teres Minor  3 120 

Pectoralis Major 
Superior 3 200 

Inferior 4 200 

Teres Major   320 

Latissimus dorsi 
Superior  200 

Inferior  200 

Insert Figure 1 

Fig. 1 - A cadaver equipped with three intracortical pins inserted into the bones: 

humerus (cyan), scapula (grey) and clavicle (dark). a. Anterior and b. posterior view of 

the deltoid: anterior (dark blue), middle (orange), posterior (dark green); and pectoralis 

major: superior part (yellow) and inferior part (light green). c. Posterior view 

infraspinatus: superior part (red) and inferior part (purple); and teres minor (light blue). 

2.2 Experimental protocol 

Cadavers were seated on an experimental jig (frame), with the back fixed onto a board 

to vertically maintain and stabilize it. The arm was manually moved to perform three 

repetitions of elevations in four planes (flexion, scaption, abduction and elevation in a 

plane 30° posterior to frontal plane; Fig. 2). Sessions were repeated twice: first, the 

movement was performed with the markers on the deltoid only; then the deltoid was 

removed while taking care to keep the tension of the other muscles by preserving the 

lines of action made of breaded wires and data were recorded on both, the infraspinatus 
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and teres minor. Marker trajectories were collected at 60 Hz using a VICON
TM

 

optoelectronic motion analysis system composed of eight cameras (Oxford Metrics Ltd., 

Oxford, UK). Finally, the insertions of the rotator cuff muscles were recorded by 

pointing a rod equipped with a cluster of five markers (see supplementary material). 

Insert Figure 2 

Fig. 2 - a. Flexion; b. Scaption; c. Abduction; d. Elevation in a plane 30° posterior to 

frontal plane. Each movement was performed from 0° to the maximum elevation with 

the humerus in neutral position 

2.3 Data analysis 

Lines of action were reconstructed from marker positions between the origin to the 

insertion of the muscle using cubic spline interpolation in Matlab (The Mathworks, 

MA). Moment arms were expressed as the cross product between the vector from the 

glenohumeral centre of rotation to the muscle first point of contact with the humeral 

head and a unit vector representing the direction of the line of action 
23

. The first point 

of contact was identified as the first point of contact between the humeral head 

(represented as a sphere) and the line representing the line of action and defined as the 

insertion point if no contact point was found. The moment arm was expressed in the 

humerus local system of coordinates to report the plane of elevation, elevation and axial 

rotation component. All moment arm quantities were normalized to specimen humeral 

head size to eliminate inter-specimen moment arms variation due to the humeral size 

using the method reported by Kuechle et al. 
24

. Positive moment arms correspond to 

anterior plane of elevation, elevation and external rotation. 

  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



 

3. Results  

Moment arms are illustrated in Fig. 3 to Fig. 6 according to the arc of arm elevation. 

This new representation allowed for a clearer visualization of the muscle function 

variation during arm elevation (the shaded part indicates a negative moment arm and the 

white part a positive moment arm). For the deltoid trials, the maximum angle of 

elevation obtained was 128° for flexion, 138° for elevation in the scapular plane, 137° 

for abduction and 80° for elevation in a plane 30° posterior to frontal plane. Concerning 

the rotator cuff trials, the maximum angle of elevation obtained was 134° for flexion, 

144° for elevation in the scapular plane, 133° for abduction and 86° for elevation in a 

plane 30° posterior to frontal plane. The calculated moment arms for each trial are 

presented in Table 2.  

The anterior deltoid had a large moment arm in anterior elevation plane with a 

maximum moment arm of 55.0 mm. The anterior deltoid mainly contributes to move the 

elevation plane anteriorly, regardless of the elevation angle. Concerning the moment 

arms in elevation, the anterior deltoid was a depressor in all planes of elevation. The 

depression capacity of the muscle was not dependent on the elevation angle (mean 

moment arm throughout the elevation was of -13.3 ± 12.7 mm). The anterior deltoid had 

a small moment arm in internal rotation, independently of the elevation plane, with a 

moment arm in internal rotation ranging from 0.3 to 12.4 mm.  

The median deltoid acted either to change the plane of elevation anteriorly or 

posteriorly depending on the position of the line of action and on the elevation angle 

with a small moment arm contribution. The median deltoid was the major elevator with 

a maximum moment arm magnitude of 44.6 mm. The elevator moment arms seemed to 

be constant, as no variation occurred with the change in the angle of elevation. The 
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median deltoid had a small axial rotator moment arms (mean moment arms in rotation 

ranging from 15.2 mm in internal rotation to 11.8 mm in external rotation).  

Regardless of the movement and elevation angle, the posterior deltoid 

contributed to change the elevation plane posteriorly with small variations of the 

moment arm’s magnitude during elevation (mean magnitude of 38.7 ± 12.7 mm). The 

posterior deltoid acted either as an elevator or depressor depending on humeral position 

(elevation angle and plane of elevation). The posterior deltoid was a weak external 

rotator (mean moment arms of 7.0 ± 4.8 mm). 

Little difference was observed between the superior and inferior parts of the 

infraspinatus. The action of the infraspinatus varied according to the angle of elevation 

(depends on the position of the insertion point relative to the system of coordinate). In 

general, the infraspinatus contributed to change the plane of elevation anteriorly until 

elevation angle above 45° where the muscle contributed to change the plane of 

elevation posteriorly. The superior part of the infraspinatus had greater elevator moment 

arms compared to the inferior part for all movements (maximum of 43.7 mm for the 

superior versus 24.6 mm for the inferior part when performing abduction). Both the 

superior and inferior parts of the infraspinatus were large external rotators with 

maximum values of their moment arms ranging from 43.6 to 46.5 mm. In each plane of 

elevation, the external rotational moment arms decreased with the amplitude of 

movement. 

Concerning the teres minor, a similar function as the one of the infraspinatus 

was observed. The teres minor contributed to change the plane of elevation in the same 

way as the infraspinatus (anteriorly until 45° of elevation and then posteriorly). The 

teres minor was an elevator for the movement of flexion and elevation in the scapular 

plane for early and mid-elevation and then became flexor beyond 45° of elevation. In 
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abduction, the teres minor has only a depressor function. The teres minor was one of the 

main external rotators, with the infraspinatus, with a maximum moment arm in external 

rotation of 42.2 mm.   
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Insert Figure 3 

Fig. 3 - Moments arms of glenohumeral muscles during flexion. Positive moment arm 

values indicate anterior elevation plane, elevation and external rotation (while negative 

values indicate posterior elevation plane, depression and internal rotation). Each line 

accounts for one subject with the mean and standard deviation of the three repetitions. 

Missing subjects are due to the loss of marker tracking preventing the 3D reconstruction 

of the lines of action. 

Insert Figure 4 

Fig. 4 - Moments arms of glenohumeral muscles during elevation in the scapular plane. 

Positive moment arm values indicate anterior elevation plane, elevation and external 

rotation (while negative values indicate posterior elevation plane, depression and 

internal rotation). Each line accounts for one subject with the mean and standard 

deviation of the three repetitions. Missing subjects are due to the loss of marker tracking 

preventing the 3D reconstruction of the lines of action. 

Insert Figure 5 

Fig. 5 - Moments arms of glenohumeral muscles during abduction. Positive moment 

arm values indicate anterior elevation plane, elevation and external rotation (while 

negative values indicate posterior elevation plane, depression and internal rotation). 

Each line accounts for one subject with the mean and standard deviation of the three 

repetitions. Missing subjects are due to the loss of marker tracking preventing the 3D 

reconstruction of the lines of action. 

Insert Figure 6 

Fig. 6 - Moments arms of glenohumeral muscles during elevation in the plane 30° 

posterior to frontal plane. Positive moment arm values indicate anterior elevation plane, 

elevation and external rotation (while negative values indicate posterior elevation plane, 

depression and internal rotation). Each line account for one subject with the mean and 

standard deviation of the three repetitions. Missing subjects are due to the loss of 

marker tracking preventing the 3D reconstruction of the lines of action. 
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Table 2 - Average muscle maximum moment arms (MA) and standard error (SE) values 

(in mm) found in the literature review of Hik and Ackland 
9
 and the one obtained from 

our study for the deltoid, infraspinatus and teres minor for flexion and abduction. The 

mean moment arm is calculated has some muscle have several lines of action 

(infraspinatus). 

  Flexion Abduction 

  MA (mm) SE MA (mm) SE 

Anterior deltoid Hik and Ackland 
9
 35.5 3.3 36.2 8.0 

Present study 47.7 15.5 3.8 10.8 

Middle deltoid Hik and Ackland 
9
 21.5 4.8 26.8 1.7 

Present study 16.8 11.7 33.7 11.5 

Posterior deltoid Hik and Ackland 
9
 -36.4 10.5 14.5 6.2 

Present study -32.8 2.6 -4.9 12.3 

Infraspinatus Hik and Ackland 
9
 7.1 4.1 15.6 3.4 

Present study 4.1 2.8 16.2 6.5 

Teres minor Hik and Ackland 
9
 -14.8 1.8 6.4 2.6 

Present study -2.7 5.5 -2.4 2.1 

4. Discussion 

The main objective of the study was to measure the three-dimensional components of 

the moment arms (plane of elevation, elevation and axial rotation) of the deltoid, 

infraspinatus and teres minor for movements performed in different planes of elevation 

with high amplitudes of movement. The main findings of our study are that the anterior 

deltoid acts as a depressor and help to change the elevation plane anteriorly. The median 

deltoid is the major elevator. The posterior deltoid mostly contributes to change the 

elevation plane posteriorly and has a biphasic function since it can act either as an 

elevator or depressor. The deltoid has a small moment arm in axial rotation. The 

infraspinatus and teres minor are the largest external rotator of the shoulder. Their 

action in anterior or posterior elevation plane varies according to the elevation angle. 

The 3D moment arms show that muscles have complex functions, that could change 

according to the plane and angle of elevation and which could differ from the action 
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muscle have in anatomical position.  

In general, our data are in accordance with the moment arms reported in 

literature for abduction and flexion movement (Table 2). Even if some difference in 

moment arms magnitude could be observed (for example, the maximum for the middle 

deltoid was 21.5 mm in literature and 16.8 mm for our study), the function predicted by 

our moment arms was the same. Two major differences were observed for the anterior 

and posterior parts of the deltoid during the abduction motion. Whereas our experiment 

predicted a maximum moment arm in elevation of -4.9 mm for the posterior deltoid, 

Hik and Ackland 
9
 reported 14.5 mm. Moment arms similar to our study were predicted 

by finite element model of the shoulder 
5; 25

. The differences observed with cadaveric 

measurement could be due to the placement of the lines of action but are mostly due to 

the fact that this kind of study were performed using the tendon excursion method 

which did not account for muscle volume and deformation. Our study showed a high 

value of standard error because the moment arms of the anterior deltoid changed 

according to the position of the line of action. Indeed, in most of the studies using the 

tendon-excursion method 
26; 27

, muscles were replaced by one line of action and 

therefore it is difficult to consider the different function the muscle has according to the 

position of the considered fibres 
10

. The deltoid has a broad insertion area and a 

representation with multiple lines of action is needed to account for the variation of 

function according to the insertion and origin point of the fibres 
28

. 

Broad muscles are known to have different activation patterns across their 

muscle belly 
29

. However, in most studies, the superior and inferior parts of the 

infraspinatus and the teres minor are combined and considered as one functional 

muscle-tendon unit 
30

. Contrary to the results put forward by Ackland et al. 
10

, no 

noticeable difference in moment arms (and in muscle function) could be seen between 
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each part of the infraspinatus and teres minor. Some differences in elevation moment 

arms amplitude could be observed between the superior and inferior part of the 

infraspinatus when performing flexion (Fig. 3). This result could be explained by the 

difficulty to consider the most superior and most inferior lines of action of the 

infraspinatus in the set-up. Indeed, when considering the superior lines of action, we 

had to ensure the visibility of the markers. Because of the proximity of the teres minor 

and the inferior infraspinatus, both lines of action and insertion points were close which 

could explain the lack of significant differences. 

One aim of the study was to improve the understanding of the shoulder function 

in 3D and the evolution of moment arms and muscle contribution during shoulder 

elevation. For example, when looking at the moment arm that will induce change in the 

elevation plane, our results showed that the anterior deltoid will move the plane 

anteriorly, contrary to the posterior deltoid who will move the plane posteriorly. This 

result agrees with the study of Kuechle et al. 
24

, showing that the anterior deltoid is the 

major horizontal flexor and the posterior deltoid, the major horizontal extensor. 

Moreover, other results on the infraspinatus muscle emphasize the need to understand 

3D moment arms. Indeed, the infraspinatus contributes to change the elevation plane 

anteriorly until 45° of elevation, and then change to posteriorly. This result could 

mainly be explained by the location of the infraspinatus insertion point on the humeral 

head that will be more posterior because of the external rotation of the humerus 

occurring when performing arm elevation (see Fig. 7). Contrary to other study focusing 

on shoulder moment arm for one degree of freedom, our results allow us to understand 

the interaction between each degree of freedom and the humerus motion and how 

muscles are involved to perform more complex movement. 
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Insert Figure 7 

Fig. 7 - Evolution of the line of action of the superior part of the infraspinatus for 

anatomical position and 45° of elevation. As the main direction of the infraspinatus line 

of action changes between the two configurations of the humerus, the resulting moment 

arms and muscle function will change too. The function of the line of action change as 

the humerus rotate externally during the elevation.  

 

One aim of the study was to improve the understanding of the glenohumeral 

muscle functions during movement involved in daily life activities, which is mainly 

composed of abduction and flexion 
31

. As shoulder injuries occur for overhead 

movement like lifting task 
32

 and sport 
33

, it is important to know the moment arm (and 

muscle function) for high range of motion. With our experimental set-up, we were able 

to record the moment arms until maximum: 134° in flexion, 144° in elevation in the 

scapular plane and 137° in abduction. Range of motion is higher than previous studies 

focusing on moment arms below 120° of flexion and abduction 
9
. Moreover, the 3D 

representation of moment arms highlights that some muscles have higher moment arms 

according to a component other than of the studied motion. For example, the posterior 

deltoid shows a large moment arm contributing to change the elevation plane 

posteriorly during abduction. This result could not be assessed using the tendon 

excursion method as the moment arm is calculated only according to the plane of 

motion without considering that the three degree of freedom could interact with each 

other. Furthermore, measurements with the tendon excursion approximate the muscle as 

a straight line from the origin to the insertion without considering muscle deformation. 

This geometric simplification could underestimate some moment arms and result in 

weak musculoskeletal models which are validated against such cadaveric data. 
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In most cadaveric studies, moment arms are calculated with the scapula rigidly 

fixed which means that the scapulohumeral rhythm was not considered 
24; 34

. Scapular 

rotation relative to the thorax occurs beyond 30° of humeral elevation. Therefore, 

interpreting moment arms which are obtained after 90° is difficult as they do not 

represent the combined humeral and scapular displacements that occur in vivo. In 

Ackland et al. 
10

, the scapulohumeral rhythm was manually imposed: the rotatory frame 

used for the experiment was simultaneously pivoted according to scapular motion which 

corresponded to a 2 : 1 ratio of glenohumeral to scapular rotation. Nevertheless, the 

clavicle was pinned in the anatomical position, which could probably affect the moment 

arms of the anterior deltoid. In our case, the scapula and clavicle were free to move. The 

motion was only manually applied to the humerus in order to account for the natural 

(passive) scapulohumeral rhythm.  

The present study has some limitations. First, the number of shoulders studied is 

small due to the duration of the experiments but can be a proof of concept on the 

validity of the method used. More data should be acquired to account for the large 

variability of shoulder anatomy and include younger people to establish a larger 

database. Some markers defining the lines of action were lost at high elevation angles 

(due to self-occlusions) preventing the calculation of these moment arms. The 

positioning of the markers on the line of action could probably also affect the moment 

arms. Furthermore, the amplitude of movement was not as high as expected due to 

interaction between intracortical clusters and to cadaveric rigidity. Nonetheless, it was 

still higher than previous studies. Data concerning the supraspinatus and subscapularis 

were not presented here but could be collected using the same experimental approach 

with some modification in the protocol (a better visibility and accessibility of theses 

muscles is necessary). The main limitation is due to the use of cadaver rather than 
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performing in vivo data collection which makes it impossible to consider the muscle 

activation. This implies recreating artificial tension in the muscles by passing some 

wires into muscles to ensure the stability of the humerus. The complex arrangement of 

shoulder muscles makes it difficult to load all the muscles (for example, it was 

impossible to pass a wire through the biceps tendon). Moreover, calculation of moment 

arms is probably subject to some tissue artefacts since the deformation of passive 

muscle is not the same as the one of active muscle
35; 36

. Indeed, differences between 

passive and active scaption and abduction has been reported. While loading the muscles 

could generate the missing initial stresses and strains in the tissue, it could not re-create 

a deformation generated by muscle contraction throughout a motion.  

The different information highlighted in this study may be useful in clinical 

applications. Knowing moment arms of muscle spanning the glenohumeral joint will 

help understanding the functional effect of muscle sub-region tears and assist surgeons 

in planning reconstructions such as tendon transfers 
37

 and joint replacement surgery. 

Leschinger et al. 
4
 showed that medialization of the supraspinatus leads to a reduction of 

the muscle moment arm which create an increase of a compensatory load to stabilize the 

humerus that could cause a postoperative overload of the tendon. Additionally, the 3D 

moment arms could help to understand the impact of different muscle tears on the 

mobility and stability of the shoulder. Moreover, musculoskeletal models are often used 

to understand human motion, yet often lack validation. The results of this study could 

be used to evaluate moment arms predicted by musculoskeletal model on simple 

movement and then the model could be used for estimating physiological moment arms 

for various upper limb configuration. 
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5. Conclusion 

The present study reported the function of the deltoid, the infraspinatus and teres minor 

based on their moment arms during maximal elevation of the arm performed in different 

planes of elevation. The main results showed that the deltoid is mostly responsible for 

arm elevation whereas the infraspinatus and teres minor are great external rotators.  
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Highlights 

● High moment arms are observed on a plane which is not the one from the 

movement  

● Position of the glenohumeral joint induces changes in the muscular moment 

arms 

● Deltoid is the main elevator 

● Deltoid act either as an elevator or depressor, while moving the elevation plane  

● Infraspinatus and teres minor moment arms (sign) changes after 45° of 

elevation 
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