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Effect of Different Muscle Fibre Types on the Neck Kinematics for Frontal Impact

Barttomiej M. Pilarczyk, Ciaran Simms, Duane S. Cronin

I. INTRODUCTION

Skeletal muscle in the human body is composed of two main fibre types: type | (slow twitch) and type Il (fast
twitch) fibres. Type | is suited for functions in which moderate forces are required for prolonged periods, e.g.,
postural maintenance, while type Il fibres are capable of short bursts of intense activity, e.g., fast running,
weight lifting [2][7]. Type Il fibres are also active in the neck musculature during a car impact. During an impact,
stronger muscles within the neck complex provide protection for the upper cervical spine [5], attributed to type
Il muscle fibres. However, the size of type Il fibres decreases with age [7-10]. Therefore, it is important to assess
whether different fibre composition of skeletal muscle in the human neck may have an influence on the head
kinematics. The objective of this study was to evaluate changes in head kinematic response due to variations in
muscle fibre composition.

II. METHODS

A neck and head finite element model (Global Human Body Models Consortium (GHBMC) 50" percentile
male, M50 ver. 4.3) [6] (Fig. 1) validated with intermediate and high severity impacts was used. This model
includes the cervical vertebrae (C1-C7), first thoracic vertebra (T1), cervical spine ligaments, intervertebral discs,
27 pairs of cervical muscles and the skin. Passive muscle behaviour is modelled by three-dimensional solid
elements with a hyperelastic response, while active muscle behaviour is modelled using one-dimensional Hill-
type active elements. The stress developed by a single active muscle element is a function of four parameters:
a(t), muscle activation level (neural excitation); omax, Mmaximal isometric stress; f (L), force-length relation and
fy(V), force-velocity relation (1). The force-velocity curve fy(V) (2) depends on the fibre type properties (Table I)
and has a strong influence on the resulting muscle force [1-3]. The fy(V) curve was defined to represent two
different fibre types (slow and fast twitch) [2-3] and a mixed type fibre model. The shapes of the curves differ,
particularly for V> 0 (Fig. 2). Consequently, three different fy(V) curves were used in the simulation of the
frontal impact: slow twitch, fast twitch and a mixed type model.

cp = a(t) X Omax X fL(L) X fy (V) (1)
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Fig. 1 GHBMC M50: Fig. 2 F-V relations for different fibre types.
Neck-Head complex.
TABLE | lo - muscle length at rest
MUSCLE FIBRES PARAMETERS[2][4] Vimax- maximum contraction velocity
Parameter / Fibre type Slow fibres Mixed fibre model Fast fibres Csh - determines shape for concentric contraction
Vinax 2lo/s 5lo/s 8lo/s Cmi - determines shape for eccentric contraction
Csh 0.1 0.55 1 Cieng - determines transition between eccentric and
Cml 1.1 1.3 2 concentric contraction (here: 0.1065) [4]

The specific ratio of fibre types present in the skeletal muscle is challenging to assess, therefore the muscle
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model implemented in the current neck model uses the mixed properties of two fibre types, and is referred to
as mixed fibre model. The mixed fibre model assumes equal ratio of the two fibre types in a skeletal muscle [4].

Simulations on a single muscle element were o

performed in order to evaluate the difference in 06 Szl Y
response between the two fibre types and the mixed
fiore model (Fig. 3). The simulation boundary
conditions included: activation set to 1 (a(t) = 1.0),
maximum isometric stress: o4, = 0.5 [MPa] [2][4],
and the f (L) curve defined as in [4].

For the full neck simulations, two levels of impact
severity were investigated: (1) peak acceleration of U1
~6G (impact velocity: 30-40 km/h) and (2) peak . SRR
acceleration of ~14G (impact velocity: >55 km/h). % o oo 40 208 230
Boundary conditions for the impact simulations are MixeTc‘lriieb[r:Sinodel i Bt
based on the experimental data reported by the Naval

BioDynamics Laboratory (NBDL) [11]. Fig. 3. Resultant stress in single muscle model for
different fy(V) curves.

lll. INITIAL FINDINGS
For each test case, kinematic response of the head centre of gravity was evaluated including: X-acceleration

(AX), X-displacement (DX), Z-acceleration (AZ), Z-displacement (DZ), Y-rotational acceleration (RAY) and Y-

rotational displacement (RDY) (axis system shown in Fig. 1).
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Fig. 4a Head CG: RDY @ ~6G. Fig. 5a Head CG: RDY @ ~14G.
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Fig. 4b Head CG: AX @ ~6G. Fig. 5b Head CG: AX @ ~14G.

Rotational displacement (Fig. 4a, 5a) and head CG x-acceleration (Fig. 4b, 5b) followed a similar trend for all
cases. Simulations with slow twitch fibres predicted larger head CG forward rotation during the impact
compared to the mixed fibre model. Considering only fast twitch fibres, the model predicted a lower head
rotation relative to the mixed fibres, where higher rotation may be associated with higher tissue strains and
therefore a higher potential for injury to soft and hard tissues, e.g., strain, sprain, or hard tissue injuries. It was
noted that the simulation exhibited lower rotation for the low severity impact, compared to the experiments.

IV. DISCUSSION
The kinematic behavior of the head-neck complex demonstrated sensitivity to force-velocity relations defined
for different types of muscle tissue fibres, with slow twitch fibres resulting in larger rotation compared to the
mixed fibre model. Therefore a reduction of type Il muscle fibre size in an aging population (>60 YO) [9] results
in increased head kinematics, and corresponding increases in tissue strains, with a higher potential for injury.
Moreover, in an older population the muscle activation time may increase. Future investigations should address
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the combined effect of these two factors on head kinematics, the potential for soft tissue injuries and model
response for lower severity impacts.
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