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Studies of comparative morphology clearly distinguish the shoulder morphology of Homo from that 
of the other hominoids. While the shoulder morphology of non-human hominoids is thought to 
signal adaptations to arboreal locomotion, human shoulder morphology is understood to have lost 
this adaptation during hominin evolution. Ideas how non-human hominoid shoulder morphology is 
advantageous in an arboreal context suggest that the specific shoulder morphological traits enhance 
the arm-raising mechanism. However, this idea has not been biomechanically tested. This thesis 
constitutes the first analysis of the biomechanical consequences of two distinct shoulder morphol-
ogies within Hominoidea by comparing the glenohumeral muscle capabilities of Gorilla to Homo. 
The biomechanical capabilities are evaluated by constructing a computational musculoskeletal 
model of a gorilla thorax, shoulder girdle and upper arm, which is used to predict relevant biome-
chanical metrics such as muscle moments and moment arms. Muscle moments and moment arms 
are predicted for two important mechanisms, arm-raising and arm-lowering. The predictions are 
compared to those of an already existing human musculoskeletal model in order to evaluate differ-
ences in arm-raising and arm-lowering capability based on the two distinct thorax and shoulder 
girdle morphologies. The results of the biomechanical analyses show that the arm-lowering mech-
anism is enhanced in Gorilla compared to Homo, instead of the arm-raising mechanism. The en-
hanced arm-lowering mechanism is evident by greater moment capacities of two important arm-
lowering muscles, pectoralis major and teres major. The greater moments are the result of greater 
muscle force capacities and greater moment arms, due to the beneficial musculoskeletal geometry 
of Gorilla. The results highlight that a more distal muscle insertion along the humerus has the great-
est enhancing effect on the arm-lowering moment arms of teres major and pectoralis major. Fur-
thermore, thorax and shoulder girdle morphological traits that are well known to distinguish non-
human apes from humans were found to contribute to the enhancement of the arm-lowering mech-
anism. The more cranially oriented glenoid, obliquely oriented scapular spine and cranial scapula 
position on the thorax enabled certain muscles to act as arm-lowering muscles in Gorilla, contrary 
to the arm-raising action capability that is predicted for Homo. The enhanced arm-lowering capa-
bility is likely advantageous for the arboreal locomotion of apes. During hoisting behaviours that 
are known to occur during suspension and vertical climbing, arm-lowering is used to lift the heavy 
body of the apes upward. The results of this thesis in conjunction with earlier EMG studies suggest 
those muscles which are highly activated during these hoisting behaviours also have enhanced arm-
lowering capacities in Gorilla and potentially other non-human hominoids compared to Homo. As 
such, the results highlight shoulder morphological traits that are biomechanically important for the 
arboreal locomotor behaviour of apes. By this, the thesis demonstrates a link between the confor-
mation of shoulder morphological traits and their biomechanical capability, which will aid future 
functional interpretations of extant and extinct species. 
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SUMMARY  

INTRODUCTION 

Shoulder morphology displays a high variability within primates. Many studies demonstrate that 
similar scapular shapes are exhibited by primate species employing similar locomotor types, despite 
different degrees of phylogenetic relationship (Miller, 1932; Inman et al., 1944; Ashton and 
Oxnard, 1964; Roberts, 1974; Larson, 1993; Larson, 1995; Young, 2008; Schmidt and Krause, 
2011; Arias-Martorell et al., 2015; Young et al., 2015). Therefore, shoulder morphology is under-
stood to exhibit a functional signal for specific locomotor behaviours across primates. However, 
the mechanical advantages of specific shoulder morphologies for primate locomotor behaviours are 
still poorly understood. 

Figure 1 Scapula shape variation of extant and extinct primates, 
after Young et al. (2015). A. Scapula shape variation within 
Hominoidea. B. Results of principal component analysis. PC1 
describes orientation of the spine and glenoid relative to the ver-
tebral border of the blade whereas PC2 describes differences in 
the borders of the supraspinous fossa. 

Within the Hominoidea, studies of 
comparative morphology demon-
strated that the scapula of humans is 
well distinguished from the scapulae of 
the non-human apes (Miller, 1932; 
Ashton and Oxnard, 1964; Oxnard, 
1967; Young, 2008; Young et al., 
2015). Furthermore, the scapular mor-
phology of non-human apes covaries 
with that of suspensory monkeys. This 
covariation of scapular morphology 
was understood as evidence for con-
vergent evolutionary adaptations to 
similar arboreal locomotor modes. The 
morphological traits shared by suspen-
sory monkeys and arboreal apes, which 
separate them from humans, are a more 
obliquely oriented scapular spine and a 
cranially oriented acromion that pro-
jects well beyond a cranially oriented 
glenoid (Figure 1). Those traits were 
thought to signal adaptation to suspen-
sory locomotion. 

In the past, researchers have differently phrased ideas as to how the aforementioned morphological 
traits are advantageous in an arboreal context. A prominent proposal, which relates to the need for 
highly elevated arms during suspensory locomotion, suggests that the scapular morphology shared 
by non-human apes and suspensory monkeys enhances the arm-raising mechanism (Larson, 1993). 
In particular, the action of the deltoid muscle, the main arm-raising muscle in humans, was thought 
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ZUSAMMENFASSUNG 

EINLEITUNG 

Die Schultermorphologie innerhalb der Primaten zeichnet sich durch eine hohe Variabilität aus. 
Viele wissenschaftliche Arbeiten, die diese Variabilität dokumentierten, demonstrierten, dass ähn-
liche Scapula-Formen bei Primatenarten auftreten, die ebenfalls ähnliche Fortbewegungsarten nut-
zen, unabhängig vom Verwandtschaftsgrad (Miller, 1932; Inman et al., 1944; Ashton and Oxnard, 
1964; Roberts, 1974; Larson, 1993; Larson, 1995; Young, 2008; Schmidt and Krause, 2011; Arias-
Martorell et al., 2015; Young et al., 2015). Demzufolge stellt Schultermorphologie ein funktionelles 
Signal für bestimmte Fortbewegungsarten innerhalb der Primaten dar. Allerdings bleiben die bio-
mechanischen Konsequenzen der unterschiedlichen Schultermorphologien für das Fortbewegungs-
verhalten der Primaten ungeklärt.  

Abbildung 1 Variation von Scapula-Formen rezenter und ex-
tinkter Primaten, nach Young et al. (2015). A. Variation von 
Scapula-Formen innerhalb der Hominoidea. B. Ergebnisse einer 
Hauptkomponentenanalyse. PC1 beschreibt die Orientierung der 
Spina scapulae und der Fossa glenoidea relativ zum vertebralen 
Rand wohingegen PC2 die Unterschiede in den Grenzen der 
Fossa supraspinata beschreibt. 

Innerhalb der Hominoidea zeigten Stu-
dien, dass sich die Scapula von Men-
schen stark von der anderer Menschen-
affen unterscheidet (Miller, 1932; 
Ashton and Oxnard, 1964; Oxnard, 
1967; Young, 2008; Young et al., 
2015) (Abbildung 1 A). Des Weiteren 
kovariiert die Scapula von Menschen-
affen mit der von anderen sich suspen-
sorisch fortbewegenden Primaten. 
Diese Kovariation von Scapulamor-
phologie gilt als Nachweis für die kon-
vergente evolutionäre Anpassung an 
ähnliche arborikole Fortbewegungs-
weisen. Die morphologischen Merk-
male, die von suspensorischen Affen 
und arborikolen Menschenaffen geteilt 
werden, und die sie von Menschen ab-
grenzen, sind: eine diagonal verlau-
fende Spina scapulae und ein kranial 
ausgerichtetes Acromion, welches 
deutlich über die kranial ausgerichtete 
Fossa glenoidea herausragt (Abbildung 
1 B, entlang PC1). Diese Merkmale 
signalisieren, so wird vermutet, eine 
Anpassung an die suspensorische Fort-
bewegung.  
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