
DETERMINATION OF GEOMETRY PARAMETERS OF THE OSSICU-
LAR CHAIN BASED ON 3D MODELS FROM MICRO-CT-SCANS 

A. Böhme1, H. Martin1, K.-P. Schmitz1
, H. Kaftan2 

 
1Institute for Biomedical Engineering, University of Rostock, Germany 

2 Department of Otorhinolaryngology and Head and Neck Surgery, University of Greifswald, Germany 

andrea.boehme@uni-rostock.de 

 
Abstract:  The measuring of the ossicular chain with 3D 
models from micro-CT-scans enables an accurate descrip-
tion of the malleus-stapes offset, geometry parameters for the 
development of an anatomically shaped prosthesis and the 
characterization of the distances and angles from the malleal 
neck to the stapes head or stapes footplate. In this study a 
measuring strategy is developed and verified based on 20 
cadaveric human temporal bones without signs of chronic 
otitis media. The comparison of the measurements to 
results known from other studies, confirm the validity of 
this approach. 
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Introduction 
Chronic otitis media is one of the main reasons for an 
interruption of the ossicular chain and can be surgically 
treated with tympanoplasty. In this case, a prosthesis is 
implanted which undertakes the sound transmission from 
the tympanic membrane or malleal handle (MHa) to the 
stapes head (SH) or footplate (SF). Of special interest is 
the malleus-stapes offset since it causes complications 
during the reconstruction of the ossicular chain when 
partial ossicular replacement prosthesis (PORP) or total 
ossicular replacement prosthesis (TORP) is positioned 
[1]. Another aspect is that an anatomically shaped pros-
thesis might improve the sound transmission. The size 
and shape of such a prosthesis can be obtained by the 
measuring of the ossicles. Furthermore the measuring of 
the distance and angle between the malleal neck (MN) 
and the stapes head or stapes footplate are of interest 
when the malleal head (MHead) is degenerated by an 
inflammatory process and a prosthesis has to be fixed at 
the malleal neck. Micro-computed tomography (micro-
CT) provides high-resolution anatomical data which can 
accurately represent finely detailed structures such as the 

ossicles [2]. After 3D polygonal surface from the seg-
mented data is generated, accurate measurements of loca-
tions, distances, and angles can be obtained. 
 
Methods 
A total of 20 cadaveric human temporal bones without 
signs of otitis media were frozen directly after harvesting 
and trimmed into a cubic form. The micro surgical re-
moval of the incus and the malleal head was done to 
simulate a progression of the destruction of the ossicles. 
Three different conditions of the ossicular chain are 
evaluated: step 1) the intact ossicular chain, step 2) the 
ossicular chain missing the incus and step 3) missing the 
incus and the malleus head. A micro-CT scanner 
(SkyScan 1172, Kontich, Belgium) was then used to ob-
tain volumetric datasets of all temporal bone cubes with 
ossicular chains in the described conditions. Subsequent 
to the micro-CT-scan 3D-reconstructions of the ossicular 
chain were acquired using the program CTan ver.1.5.0 
and the measuring of the geometrical details was done 
with Creo Parametric 1.0. 
A) To determine the effect of destruction on the malleus-
stapes-head offset it was measured in all three conditions 
of the ossicular chain. The malleus-stapes-head offset 
consists of the offset height hSH which is the vertical con-
necting line between the highest point on the SH PSH and 
the furthest medial lying point on the malleal handle PM 

med (see Fig. 1). The offset width q is orthogonal to hSH 
and is the horizontal connecting line. The angle α is the 
offset angle. In a similar way the malleus-stapes-footplate 
offset is defined. The difference is that the offset height is 
measured from PM med to a point on the superior surface of 
the footplate and the axis ASH (PSF sup) and β is the offset 
angle. B) The measurings of the ossicular chain concern-
ing the development of an anatomically shaped prosthesis 
are shown in Fig. 1. The stapes height is measured along 
the axis AS between PSH the superior

 
Figure 1: Measuring of A) the malleus-stapes offset, B) parameters for the development of an anatomically shaped prosthesis 
and C) the distances and angles between the malleal neck and the stapes head or the superior footplate surface. 
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and inferior surface of the footplate. Between the distal 
end of the long process of the incus, through which the 
axis AI runs centrically, and the superior edge of the incus 
body the length lI of the incus is measured along AI. The 
total length of the malleus lM is the connecting line be-
tween the tip of the malleal head and the distal end of the 
malleal handle. In a 1 mm wide measuring range in 
eleven cross sections the width of the malleal head is 
measured in the medial to lateral (wm-l) and the anterior to 
posterior (wa-p) direction. The axis AS indicates the medial 
to distal direction and the crura of the stapes define the 
anterior to posterior direction. Afterwards the maximum 
widths in both directions can be selected. C) The dis-
tances lSH and lSF between the malleal neck and the stapes 
head or footplate are determined between a point PMN on 
the cutting edge where the malleal head was removed and 
the points PSH and PSF sup (see Fig.1). The axis AMN-MHa is 
defined by the points PM dist and PMN and the angles ε and 
δ are determined between this axis and the distances lSH 
and lSF respectively. 
 
Results 
A) In some cases a negative offset height was measured 
when the medial point on the malleal handle was located 
below the highest point of the stapes head. In the other 
measurements of the ossicular chain the offset angle re-
mained constant and had a small range. The offset angles 
α and β for step 1) to step 3) amount to 80.57 °, 81.60 °, 
80.95 ° and 36.77 °, 38.84°, 38.12° respectively. As 
shown in Fig. 2, the measured offset angle α differs from 
both transcanal and transtegmenal measurements. The 
mean value is higher than that of the values known from 
literature whereas the range is narrower [1] [3]. 

 
Figure 2: Mean value and range of the transcanally, trans-
tegmenally and in the 3D Model measured offset angle 

 
Figure 3: Mean value and range of the geometry parameters 
concerning the development of an anatomically shaped pros-
thesis in comparison with parameters known from literature 

B) The incus length averages 6.76 mm along with the 
stapes height to the superior and inferior surface of the 
footplate with 3.25 mm and 3.34 mm respectively. The 
mean value of the malleus length amounts to 8.01 mm. 
The measured width of the malleal head averages 
2.37 mm in the lateral to medial direction and 2.13 mm in 
the anterior to posterior direction. A comparison with 
measurements from other authors displays the validity of 
the measurements, since the mean values are similar as 
well as the ranges as shown in Fig. 3 [4] [5] [6] [7]. C) 
The measurement of the angle ε averages 38.31 °. The 
mean of the angle δ amounts to 51.19 °, whereas the dis-
tances lSH and lSF average 3.96 mm and 5.89 mm. To our 
knowledge, there is no study so far concerning these pa-
rameters. 
 
Discussion 
An advantage of the described method is that, in contrast 
to other approaches, the preparation of the ossicular chain 
before the micro-CT-scan is not damaging. The compari-
son of the measurements concerning the parameters for an 
anatomically shaped prosthesis with results from other 
authors confirms the validity of the presented approach. 
Furthermore, the 3D model permits a view from all direc-
tions onto the ossicular chain, which allows a more accu-
rate positioning of axes and reference points in the model, 
as compared to the transcanal or transtegmenal perspec-
tive. This fact may also explain the occurrence of a nega-
tive offset height in this study, as well as the greater offset 
angle α. An offset angle greater than 60 ° is critical with 
regard to force transmission from the malleal handle to 
the stapes through a PORP. However, all measured offset 
angles α average about 80 °. 
 
Bibliography 
[1] N. Todd et al., The Malleus-Stapes Offset, The 

Laryngoscope, Bd. 118, pp. 110-115, 2007. 
[2] Lee et al., Reconstruction and exploration of virtual 

middle-ear models derived from micro-CT datasets, 
Hearing Research, Bd. 263, p. 198–203, 2010. 

[3] Mills et al., Ossicular geometry and the choice of 
technique for ossiculoplasty, Clin Otolaryngol, Bd. 
16, p. 476–479, 1991. 

[4] Arensburg et al., The Human Middle Ear Ossicles: 
Morphometry,and Taxonomic Implications, Academic 
Press Inc. (London), pp. 199-205, 1980. 

[5] àWengen et al., Measurements of the Stapes 
Superstructure, Ann Otol Rhinol Laryngol, Bd. 104, 
pp. 311-316, 1995. 

[6] Kwok et al., Stapes Surgery: The Diameter of the 
Long Process of the Incus, Otology & Neurotology, 
Bd. 27, p. 469Y477, 2006. 

[7] Kwok et al., Morphology of the Malleus Handle and 
the Comparison of Different Prostheses for 
Malleostapedotomy, Otology & Neurotology, Bd. 30, 
p. 1175Y1185, 2009. 

2  BMT 2013


