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Summary. Speckle interferometry is a non-destructive 
measurement technique using a laser. The principles of 
the method are described. Human hyoid bones(n  = 10) 
were investigated. Loads were applied to individual points 
on the anterior surface of the body of hyoid bones. All 
hyoid bones showed an asymmetric displacement. The 
displacement was greatest in a plane vertical to the load. 
An evaluation of fracture behavior is possible due to the 
displacement pattern. 
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Zusammenfassung. Die Speckle-Interferometrie ist eine 
zerst6rungsfreie laseroptische MefAmethode. Das Prin- 
zip der Methode wird dargestellt. 10 menschliche Zun- 
genbeine wurden untersucht. Die Kraft wurde yon vorn 
punktf6rmig auf den Zungenbeink6rper geleitet. Alle 
Zungenbeine zeigten eine asymmetrische Auslenkung, 
in Richtung senkrecht zur Belastung war sie am gr613ten. 
Aufgrund des Bewegungsmusters ist eine Aussage tiber 
das Frakturverhalten m6glich. 

Schliisselw6rter: Speckle Interferometrie - Zungen- 
bein 

Introduction 

Modern testing and measurement techniques are becom- 
ing increasingly important. They are used for example in 
the optimization of constructions, quality control and 
production control and increasingly in medicine. In this 
context non-destructive measurement techniques play 
an ever-increasing role. One of these techniques, the 
holographic interferometry has, been successfully used for 
many years for the analysis of changes in form [3, 7, 11]. 
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This method is also being used to solve biomedical prob- 
lems, e.g. the biomechanics of bones and the evaluation 
of osteosynthetic methods [1, 4, 6, 8, 9]. The aim of this 
study was to investigate the biomechanical properties of 
the hyoid bone with this method. 

When the rough surface of a substance is illuminated 
with a laser light a so-called speckle-pattern is produced 
in the space in front of the object. This pattern originates 
as a result of the microscopical interference between the 
light waves which are reflected from single points on the 
surface of the rough object. In the field of coherent op- 
tics the speckles are considered to be unavoidable inter- 
ferences. The granulations of the coherent light are espe- 
cially suitable for the measurement of movement of ob- 
jects because the speckle pattern moves in front of the 
object in the same way as the surface of the object. In 
order to photograph the speckle interferogram a double 
exposure of the object is made on the same film before 
and after deformation of the object. For this it is impor- 
tant that the camera is exactly focussed on the surface of 
the object. In this manner an interference pattern is ob- 
tained between two speckle fields which corresponds to 
the two separate conditions of the object. If the develop- 
ed film is viewed with a laser beam the interference fringes 
can be seen in the Frauenhofer plane. These striations 
contain the information on the coordinates of move- 
ment of one point on the surface of the object. Each 
point on the object is then analysed with a laser beam 
and the movement curves of the total surface can be cal- 
culated in a direction perpendicular to the plane of ob- 
servation. This method of investigation is called speckle 
photography and belongs to the speckle measurement 
techniques [2]. 

Materials and methods 

Materials. The hyoid bone was investigated in 10 subjects (5 female 
and 5 males, age 20-60 years) taken from medico-legal autopsies. 
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Fig.1. Photographic documentation of speckle interferogram of 
the hyoid bone. L a  - laser, S h  - shutter, L - lens, M - mirror, 
C - camera, F - F-force 

Fig. 2. Analysis of speckle interferogram in the Frauenhofer plane 
with laser beam. L a  - laser, S I  - speckle interferogram, L - dis- 
tance between SI and Frauenhofer plane, D - distance between 
the bands, dx, dy - vectors in x and y direction, d - resulting vec- 
tor, M - mirror, P - Frauenhofer plane 

Fig. 3. Interference patterns due to diffraction of the laser beam in 
the Frauenhofer plane 

The hyoid bones were fixed in 4% formalin together with the soft 
tissues and later properly prepared. The anatomical form of the 
hyoid bone was not taken into consideration for the investigation 
[5]. 

M e t h o d s .  For the experiment the hyoid bones were mounted with 
the horns underneath (Fig. 1). The horns were either free or were 
mounted on the substrate with dental acrylate. 

The axial load (F) was applied from above at single points on 
the hyoid bone using a special piston perpendicular to the plane of 
the support. The experiment was carried out with a preload Fo = 
0.1 N and with a differential load F = 0.1 N. The deformation can 
be detected even with the smallest load because the optical mea- 
surement technique is generally very sensitive. The selected differ- 
ential load is sufficient to achieve a satisfactory resolution in the 
striation pattern. 

An argon laser (La) (wave-length lambda = 514.5nm, 200 
mW) was used as a source of coherent light. The laser beam was 
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deflected through a lens (L) and directed on the object with a mir- 
ror (M). The shutter of the camera (C) was not used because of the 
specificity of the speckle interferogram photographs. Therefore it 
is necessary to use a separate shutter (Sh). The exposure times 
were 0.1 ms and the exposure intervals 3 s. The single speckle in- 
terferograms were recorded on Agfa 8E56 high-sensitivity film. 

The first speckle photograph was taken with a preload of 0.1 N 
and a second photograph was taken on the same film after an in- 
crease in load of 0.1 N. 

The speckle interferogram was analysed using the set up shown 
in Fig. 2. The exposed film was examined with an argon laser beam. 
The interference bands were viewed on a screen in the Frauen- 
hofer plane at a distance L from the film. A typical speckle inter- 
ference picture in this plane is shown in Fig. 3. The interference 
picture contains information on the coordinates (dx, dy) of the dis- 
placement of the speckle field for a point P on the object surface in 
a plane perpendicular to the observation axis. The vector d de- 
scribes the displacement of the point P due to the load and can be 
calculated with the following formula: d = X L/MD. Where D is 
the distance between the fringes at a distance L from the film, 
lambda (X) is the wave length of the laser beam used for the analy- 
sis and M is the magnification of the film. 

Results 

The results of an analysis of speckle in ter ferograms of 3 
selected points  on the hyoid bone  are shown in Fig. 4. 
The vectors d demons t ra t e  that  the hyoid b o n e  moves  
asymetrically.  F u r t h e r m o r e  it can be clearly recognised 
that  the c o m p o n e n t  of de fo rmat ion  (dy) runs  in the same 
direct ion as the load F. 

As an example  the dx and  dy componen t s  f rom two 
hyoid bones  have been  calculated and  are shown in Figs. 
5 and  6. They  cor respond to a l ine approximate ly  in the 
middle  of the hyoid bone  (dot ted line).  Di f ferent  hori- 
zonta l  and  vertical  d i sp lacement  vectors were found  for 
each hyoid bone  d e p e n d a n t  on  the conf igura t ion  of the 
bone  and  the moun t ing .  In  all invest igated prepara t ions  
a greater  d isp lacement  to one  side was found  because  of 
the ana tomica l  conf igurat ion.  In  most  cases a larger dis- 
p l acemen t  be tween  the body  and the horns  of the hyoid 
b o n e  could be found  in the vertical  axis of the displace- 
m e n t  curve. This dis tor t ion was therefore  located in the 
region of ar t icula t ion of the hyoid bone .  However ,  simi- 
lar distort ions were also found  in the hor izonta l  axis of 
the displacement  curve (Fig. 6a). In  both cases described,  
the y - c ompone n t  of the body  of the hyoid b o n e  is greater  
than  in the region of the horns.  A demons t r a t i on  and  
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Fig. 4. Analysis of the speckle interferogram at 3 selected points on 
the hyoid bone. The resulting vector d can be calculated from dx 
and dy 
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Fig. 5a ,b. Schematic representation of the vector dx (a) and vector 
da (b) in case 1. Asymmetric displacement especially in the x-direc- 
tion. Fracture of the right horn on the outside, of the left horn on 
the inside. Large displacement in the y-direction in the junction 
between the body and the horn of the hyoid bone on the left side 
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Fig. 6a, b. The same representation as Fig. 5 (case 2). The asym- 
metric displacement is weaker than in case 1. A large displacement 
is found at the junction between horn and body on the left side 

evaluation of the elastic propert ies in various parts of the 
hyoid bone is therefore possible. 

D i s c u s s i o n  

and strangulation. The cause of fractures to the hyoid 
bone is thought to be either a direct mechanism by pres- 
sure on the horns of the hyoid bone against the spine or 
an indirect mechanism by muscle tension. According to 
the available literature only Saternus and Koebke  [10] 
have investigated the behaviour of the hyoid bone in 
photo-elastic experiments. They could differentiate 3 basic 
types in the form of the hyoid bone (hyperbolic, para- 
bolic and horseshoe forms). The photo-elastic results and 
the bone tissue density in the hyoid bone demonstrated 
that the position and type of the fractures were depen- 
dent on the basic type. 

With speckle interferometry the tension can be mea- 
sured directly in the hyoid bone due to the magnitude of 
the displacement vectors. The greater the difference in 
distortion between adjacent points the greater  the ten- 
sion. Because of the analysis of distortion an estimation 
of the risk of fracture at a definite point in the bone is 
therefore possible. 

These results were confirmed by a further increase in 
pressure. The horns of the hyoid bone broke  at the ex- 
pected place. In most  cases a one-sided fracture occur- 
red due to a frequent asymmetry  in the form of the hyoid 
bone horns. 

This investigation showed that speckle interferometry 
is a suitable method for the investigation of biomechani-  
cal parameters  in bones. Measurements  can be carried 
out directly on the original bone and investigations using 
models are not necessary. The method is very sensitive 
and can detect even the smallest distortions. 
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Damage  to the larynx and hyoid bone is a typical finding 
in specific causes of death, such as hanging, throttling 


