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Study on the Development of the Mouse Ossicles Using Micro-CT
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ABSTRACT

Background and Objectives :

Detailed information on how ossicles change in the developing temporal bone would be helpful

in understanding biomechanical knowledge of ossicles. In this study, three dimensional structural images of mouse were inv-
estigated through Micro-CT to understand developmental anatomy of its ossicles. Materials and Method : Thirty five temporal
bones of BALB/c mice, aged from gestational day 11 to postnatal day 21, and adults were investigated. Three-dimensional high-
resolution reconstructions of the ossicles of the left sided temporal bones were obtained using a Micro-CT system. The right sided

temporal bones were used for the histological study. Results :

Internal biomechanical characters (volume fraction, structure

model index, degree of anisotropy, etc) of murine ossicles and temporal bones were attained to the adult level at postnatal day 21.
Conclusion : This study will be useful in understanding the more accurate microstructure of murine temporal bone, and will pro-
vide the anatomical basis for the future animal studies. (Korean J Otorhinolaryngol-Head Neck Surg 2009352:327-34)

KEY WORDS : Ear ossicles - Development -

Three-dimensional imaging.
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Fig. 1. 3D images of temporal bone
and ossicles are reconstructed by
CT-Analyser™ and Ant™. Images
of ossicles were obtained by era-
sing unnecessary portions of images
on two-dimensional tomograms us-
ing Adobe® Photoshop® 7.0.
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Fig. 2. Microstructural analysis of os-
sicles by CT-Analyser™ and Ant™,
The volume fraction (Surface/Volu-
me) means bony strength. Struc-
ture model index makes it possible
to quantify the characteristic form
of a three-dimensional structure as
rod-like or plate-like. Degree of ani-
sotropy means directional pattern
of three-dimensional structure.

Volume Fraction (%)
Surface/Volume (L/mm)
Structure model index
Degree of anisotrophy
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Fig. 3. Ossicular development according to age (malleus). Ossification appeared from postnatal day 11, and Harvesian canal of adult

ossicle was abundant compared with day 21 (H & E stain X 40).

Fig. 4. The picture of temporal bon-
es shows the internal bony structure.
Ossicles (white arrow) and inner ear
structure (white arrowhead) were
detected since postnatal 17 day.

Adult

Table 1. Growing pattem of the middle ear cavity size. The growth velocity of middle ear cavity (bulla) was faster than that of ossicles

(postnatal day)

11 days 13 days 15 days 17 days 19 days 21 days Adult
Long axis length (mm) 2.525 2.643 3.299 3.854 3.987 5.894 7.528
Short axis length (mm) 1.648 1.741 1.980 2.060 2.180 3.296 3.579
width (mm) 1.600 1.654 1.701 1.765 1.941 3.073 3.227
Malleus ossification total length/long axis length (%) 25.2 24.1 23.1 20.5 20.4 19.1 14.9
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Fig. 6. Ossification pattern of ossicles during development. A s= A]l,ljS] AA LA A 2] BHAS 8= 3
Table 2. Parameters of ossicles according to the age structure model index of ossicles

Age Parameter Volume (mm3) Surface (mma2) S/V DOA SMI

Day 11 0.034 2.164 63.223 0.909 2.115

Day 13 0.041 2.548 61.503 0.979 2.048

Day 15 0.088 2.791 31.849 0.976 2.064

Day 17 0.151 3.847 25.420 0.989 2.258

Day 19 0.168 5.518 32.877 0.923 2.474

Day 21 0.214 5.743 26.786 0.954 2.806

Adult 0.186 7.462 40.200 0.946 2.872

Density window value : minimum 3-maximum 255. S/V :

surface/volume, DOA : degree of anisotropy, SMI :

structure model index
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Table 3. Parameters of internal characteristics in malleus according to age

Age Parameter Volume fraction csc S/V (L/mm) SMI DOA
Day 11 8.187% 11 38.462 0.890 0.473
Day 13 16.311% 36 28.760 2.113 0.724
Day 15 39.466% 37 59.380 2.199 0.985
Day 17 62.302% 24 44511 1.656 0.907
Day 19 92.847% 27 39.158 1.470 0.938
Day 21 94.227% 25 45.836 1.800 0.922
Adult 89.475% 37 84.619 1.115 0.491

Density window value : minimum 3-maximum 255. CSC : cross section count, S/V :

DOA : degree of anisotropy

surface/volume, SMI : structure model index,

Table 4. Parameters of internal characteristics in the incus according to age. The growing pattern was similar to malleus

e Parameter Volume fraction csc S/V (L/mm) SMI DOA
Day 11 8.305% 13 36.581 0.952 0.463
Day 13 29.928% 17 24.597 2.308 0.816
Day 15 31.666% 18 62.675 2.299 0.912
Day 17 52.230% 25 67.657 1.969 0.995
Day 19 91.086% 12 34.253 2.003 0.999
Day 21 94.305% 14 33.624 1.571 0.978
Adult 90.349% 44 58.919 0.874 0.449

Density window value : minimum 3-maximum 255. CSC : cross section count, S/V :

DOA : degree of anisotropy
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surface/volume, SMI : structure model index,
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