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Introduction 
Influence of Muscle Architecture on Performance

Figure 1: Muscle architecture of vastus lateralis muscle.

The existence of relationship between muscle architecture 
and performance and how training could alter the architecture of 
muscles (e.g. fascicle length, muscle thickness, pennation angle 
etc.) have been shown in several previous studies Blazevich [1-
15], Duclay et al.[13], (Figure 1) showed the muscle architectures 
of vastuslateralis muscle. Muscle architecture have been found 
to be associated with running, squat movement and jumping 
performances Earp et al. [5]; Abe et al. [10], Study by Abe et al. [11] 
has found that trained sprinters had thicker and longer fascicles,  
and lesser pennation angles in the VL and the MG and LG compared 
to trained distance runners. In another study, 100-m sprinters with 
faster sprint times were shown to have greater muscle thickness  

 
at LG and smaller pennation angles at VL, MG, and LG compared to 
slower runners Kumagai et al. [10]. 

Contrary to both studies, Earp et al. [16] found greater muscle 
thickness and pennation along with shorter fascicles were beneficial 
for jumping ability at increased pre-stretch loads. These results 
showed greater pennation and shorter fascicles were associated 
with greater jumping ability at increased pre-stretch loads thus 
reinforcing the need for training specificity. In line with Earp et al. 
[5,7], found that lunge performance that was measured by 1RM 
score increased with greater muscle thickness and pennation angle. 
These contrast findings suggested that the muscle architectures are 
different based on the training adopted by the individuals and the 
exercise or skills performed.

The Effects of Training on Muscle Architecture
Among the types of training that have been investigated was 

resistance training in which has been shown to cause certain 
changes in muscle architecture Duclay et al. [1-4,6,8], Bloomquist 
et al. [12,13]. As such, study by Nimphius et al. [14] showed 
strength training cause several changes to muscle architectures 
including muscle thickness and these changes were related to 
relative strength and speed improvements among female athletes. 
Resistance training have been shown to increased pennation angle 
of muscles that been trained Duclay et al. [1-4,6], Seynnes et al. 
[12,13]. The important of pennation angle couldn’t be understood 
without understanding the basic anatomy of muscle architectures. 
The divergence in the directionality of fascicles is referred to as 
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muscle pennation angle. Fascicles are not like the muscle fibres. 
Muscle fibres run in parallel within the fascicles. The directionality 
of the fascicles within the muscle can be highly variable [15,16]. 

Greater pennation angle allows a greater amount of contractile 
tissue to attach to a given area of tendon, or aponeurosis, thus 
increasing the physiological cross-sectional area of a muscle 
Albracht et al. [17-19]. The increment in pennation angle will 
causes a cross sectional area of muscle to have more number of 
fibers. This will therefore increase the muscle ability to produce 
more force. Manal et al. [20] found pennation angle to be correlated 
with muscle thickness and improvement in strength. However, an 
increment of pennation angle with constant cross-sectional area 
has been observed to cause reduction of strength Ikegawa et al. 
[21]. This condition was thought to be influenced by the angle of 
pull of the fibers that is indirect to the pull of the muscle in total, and 
thus cause the pull of the muscle in total diminished by the cosine of 
the pennation angle. Fascicle length is the distance of fascicle from 
aponeurosis to another aponeurosis. Mathematically, it is a product 
of fascicle thickness and pennation angle. Fascicle length will be 
increased with the increment of muscle thickness and decrement 
of pennation angle. 

A greater fascicle length was thought to represent either longer 
sarcomeres or more sarcomeres in series [1,5,17]. Sarcomere is 
the contractile element in the muscles. It has been hypothesized 
that sarcomeres within longer fascicles will go through relatively 
less shortening for a given amount of total muscle shortening 
[1,10,11,19]. According to this hypothesis, greater fascicle length 
would be beneficial when for force production at fast movement 
speeds. The increment of the length of contractile element will enable 
faster contraction velocity and more force that can be applied at an 
increasing velocity. Previous studies have been conducted on the 
effects of resistance training Bloomquist et al. [12], [22-27], muscle 
potentiate on Reardon et al. [28], testosterone supplementation 
[29,30], endurance versus resistance training Farup et al. [31], 
stretching e Lima, et al. [32] on muscle architecture. Study has also 
been conducted on the differences of muscle architecture among 
boys and men Kubo et al. [22,33]. in their study found significant 
increases in vastuslateralis muscle thickness, fascicle length, 1RM, 
rate of force development and average force produced among the 
training group that were assigned to thirteen weeks of resistance 
training. No significant changes occur to the control group. This 
finding demonstrated that the muscle architecture adaptations 
among the training group improved the capacity for developing 
higher velocities of contraction while in the same time limited the 
loss of fibre force.

Matta et al. [26] examined the effects of 12 weeks resistance 
training on muscle pennation angle and muscle thickness in 3 
different sites (50, 60, and 70% of arm length) of the triceps brachia 
and biceps brachia among healthy untrained men. Result showed 
a significant difference was observed between muscle thickness in 
biceps brachia, with an improvement of 12% in the proximal site, 
whereas the distal site increased by only 4.7%. For the long head of 
the triceps brachia, the muscle thickness and pennation angle at the 
3 sites presented significant increases, but no significant variation 

was observed among them, probably because of the pennated-fiber 
arrangement. The maximum voluntary contraction (MVC) increased 
significantly for both muscle groups. The results indicated that the 
strength training program was efficient in promoting hypertrophy 
in both muscles, but with dissimilar responses of the pennated and 
fusiform muscle architecture at different arm sites.

Study has also been conducted on comparing the effects 
of different exercise on muscle architecture. Malas et al. [25] 
examined the effects of different exercises on quadriceps muscle 
strength and structure in persons with knee osteoarthritis. Sixty-
one patients with knee osteoarthritis were randomly assigned 
into 6 exercise groups (isometric right/left, isotonic right/left, 
isokinetic right/left). Results showed isometric group managed 
to increased knee extensor strength in both side of leg, muscle 
thickness and fascicle length on the strengthened side and fascicle 
length on the contralateral side. The isokinetic group managed to 
increased muscle thickness in both legs and fascicle length on the 
contralateral side. In the isotonic group, muscle thickness increased 
in both side of legs. These findings demonstrated that isometric 
quadriceps training resulted in bilateral strengthening and that 
accompanying increase in muscle thickness and fascicle length in 
the same group was consistent with the strength improvement. 

Bourne in their study examined the changes in bicepsfemoris 
long head (BFLH) fascicle length and hamstring muscle size 
following 10-weeks of Nordic hamstring exercise or hip extension 
training. Results showed that compared to baseline, BFLHfascicles 
were lengthened in the both groups at mid- and post-training and 
these changes did not differ significantly. BFLH volume increased 
more for the hip extension than the Nordic hamstring exercise 
group. It was concluded that both training stimulate significant 
increases in BFLH fascicle length, however, hip extension training 
may be more effective for promoting hypertrophy in the BFLH.

Conclusion
Looking at findings of several previous studies, it can be 

concluded that muscle architecture would be great to be examined 
in the future. The findings on the relationship between muscle 
architecture and performance will be beneficial as this will provide 
better understanding on the important to develop structural 
adaptations for performance enhancement.
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