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Measurement of Normal Auditory Ossicles by High-Resolution CT with
Application of Normal Criteria to Disease Cases

Jyoko Hara
Department of Radiology, St. Marianna University Scheol of Medicine

Research Code No. : 504.1
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High-resolution computed tomography (CT) is used increasingly in the diagnosis of middle ear
diseases. For diagnosing these lesions certain criteria were proposed by measuring the position of the
ossicles. According to those criteria it can be allowed to evaluate dislocation of the ossicles, namely to
find out abnormal position of the ossicles caused by a disease process. Ossicles were measured on
high-resolution CT images of the middie ear in a total of 203 subjects (300 ears: normal controis 241
ears, disease group 59 ears) during the period of 1983-1988. Three angles A, B, C and one distance-ratio
b/a were measured and the normal ranges were obtained. The baseline for measurement of angles A,
B, C were established as the line between the most lateral margins of both internal auditory canals.
“A” is the angle at which the line through the malleo-incudal joint crosses the baseline on the slice of
the level of the malleo-incudal joint. “B” is the angle at which the line drawn between the center of the
malleus and incus crosses the baseline on the slice of the level of the malleo-incudal joint. “C” is the
angle at which the line drawn between centers of malleus and incus crosses the baseline on the slice 2
mm on the caudal side from the slice of the level of malleo-incudal joint. “a” is the distance between the
center of the malleo-incudal joint and the lateral wall of the middle ear cavity on the line through the
center of malleo-incudal joint and the most lateral margins of the internal auditory canal. “b” is the
distance between the center of the malleo-incudal joint and the medial wall of the middle ear cavity on
the same line. The distance ratio b/a was calculated to determine the normal critera for diagnosis of
ossicular abnormality. The normal ranges of angles A, B, C and the distance-ratio b/a were 19°—59°
for angle A, 101°—145° for angle B, 51°—89° for angle C, and 0.49—0.51 for the b/a ratio. Thirty of 34
ears (88.2%) in cases of otitis media and mastoiditis were normal in all these 4 measurements. Five of 7
ears (71.4%) in cases of cholesteatoma and 4 of 4 ears (100%) in cases of external ear anomaly were
abnormal in one or more of these 4 measurements, and most of these abnormal values were more than
3 S.D. beyond the normal range.

These measurements were useful for evaluation of auditory ossicles especially for diagnosis of
cholesteatoma and abnormality of the auditory ossicles.
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Table 1 Materials (203cases, 300ears)

Nermal controls

Normal group 102cases 195ears
MNormal side of disease group 46 46
Total 148 241
Disease group
Otitis media and mastoiditis 35cases  38ears
Cholesteatoma 9 9
Congenital anomaly 7 8
Internal ear anomaly 3 4
External ear anomaly 4 4
Trauma of temporal bone 4 4
Total 55 59
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Fig. 1 The baseline for measurement of angles A,
B and C is drawn btween the most lateral mar-
gins of both internal auditory canals.
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L L (Fig. 3).
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Fig. 2 Measurements of angles A and B.
M : Malleus I: Incus
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MBHETE, BEA, B, CREEEHELSfER
L, BE A OFEFMEIL39+20E (n=227, &k
R1%), AE B OEXFHEIX123+22F (n=227,
E®R1%), AECOERBBMIZTI+IN (n=
225, fal&=61%), BEEEL b/a O EHEE .00+
0.51 (n=227, fEf=E1%) Tb -7 (Fig. 5,6,7,
8). ¥, AE A LAEB L ORICIXBE LM IE
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Fig. 3 Measurement of angle C.
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Fig. 4 Measurement of distance -ratio b/a.

Table 2 Value of measurement in disease group.

Normal Abnormal Total
Otitis media
and mastoiditis J0ears(88.2%) dears(11.8%) Jdears
Cholesteatoma 2(28.6) 5(71.4) 7
Congenital anomaly 2(25.0) 6(75.0) 3
Internal ear anomaly 2(50.0) 2(50.0) 4
External ear anomaly 0(0.00) 4(100.0) 4
Trauma of temporal bone 3(75.0 1(25.00 4

Normal

: Ears in which all of 4 measurements were within normal range.

Abnormal : Ears in which one or more of 4 reasurements were out of the normal

range.
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mal controls.
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O otitis media and mastoiditis, @ ; choles-
teatoma, & ; internal ear anomaly, A ; external
ear anomaly, []; trauma of temporal bone.
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Table 3 Normal criteria and mesurements
of abnormal ears

Angle A Angle B Angle C  Distance
P 0.5 1229 6.9  1.00
Standard deviation 6.8 7.4 6.3 0.17
Normal range 19~59  101~145 51~89 0.49~1.51
40" 127 72 1.80**
Otitis media and 3t 123 82 1.60*
Mastoiditis 33 137 50* 1.80°*
26 102 68 1.67*
155+ [Tt 70" -
69+ 166"** 64 2.00***
Cholesteatoma 61.* 174*** 34 —
95 150" 19=*= 0.87
61* 140 143%* 5.00***
Internal ear 3 124 30%***  1.00
anomaly = — 30+ _
girees g _ 0.67
External ear 42 126 90* 1.00
anomaly g4 122 103***  1.00
1 flhts 68" 72 3. 11
Trauma of 99 o7 50 —

temporal bone

* . Abnormal value within 1 S.D. beyond the normal
range.

:abnormal value within 2 S.D. but over 1 S.D.
beyond the normal range.

: abnormal value over 2 $.D. beyond the normal
range.
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Fig. 11 A 46 year-old female with cholesteatoma
in the right middle ear.
a) Angle A: 155°, Angle B: 75, which suggest
distortion of the ossicular chain. Erosion of the
lateral wall of the attic is also demonstrated. b)
Angle C: 70°, which is normal. Soft tissue opacity
within the middle ear cavity is also demonstrat-
ed. Small cholesteatoma was proved in the surgi-
cal specimen. M : Malleus I: Incus.

FlcEh T35, (Fig. 11b), Finc THER/N S

T R HGER S hoie,
GEFI2) 49%%, Btt, HHFHEKE,
HEE A (261, AE BX1T4E T, BHMRR
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Fig. 12 A 49 year-old male with cholesteatoma in
the right middle ear. a) Angle A: 61°, Angle B:
174", distance -ratio b/a : 1.3. b) Angle C: 34", Soft
tissue opacity in middle ear cavity is demonstrat-
ed. These measurements are compatible with
distortion of the ossicular chain. A large choles-
teatoma was confirmed at surgery.

Nk EaREE rZDbhTwv 5 (Fig
12b), FMICTKEIREEREHNGEH X hiz,
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hTw% (Fig 13), FMCCTHEBREMEH S h
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Fig. 13 A 54 year-old male with cholesteatoma in
the left middle ear. Angle A : 61", Angle B : 140",
distance-ratio b/a: 5 Severe displacement of
mallear head and incudal body toward the lateral
wall of the attic is shown. The soft tissue opacity
is also demonstrated in the attic.
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W
ailli!ll

Fig. 14 A 6 year-old fernale with right congenital
atresia of external ear and microtia. Angle A:

171°, Angle B: 68, distance-ratio b/a: 3.1. The
marked displacement of the ossicles toward the
lateral wall of the attic is noted.

.
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