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A Study of the Quantitative Analysis on the Mineral
Contents of the Bone by X-Rays

By

Takeo OKUYAMA
Department of Radiology, School of Medicine, Tokyo Medical and Dental University,
Yushima, Bunkyoku, Tokyo, Japan.
(Director: Prof. T. Adachi)

1) X-ray diagnosis has been mainly based upon the subjective or qualitative impression of the
physician on the roentgenogram to be examined.

It is the author’s belief that the objective or quantitative informations obtained from the roent-
genogram should play more important role in x-ray diagnosis in the future. To the first step toward the
objective observation of the roentgenogram, the author performed a study of the quantitative analysis
on the mineral contents of the ulna by means of dosimetric measurement of the transmitted x-rays through
the forearm, and densitometry of its roentgenogram.

2) The patient’s forearm was placed in a water-phantom in order to standardize the thickness of
the non-osseous tissues, The points in the distal portion of the ulna to be examined were chosen. The
quantity of the bone salt in the above-mentioned portion was compared with a series of standard ab-
sorbers (bone models) (Table 1, Fig. 2 and 12) by the dosimetric measurement of the transmitted x-rays
through the points to be examined (Fig. 3, 4, 6, 8 and Table 3), and the densitometric measurement
at the same points on the roentgenogram (Fig. 14, 17 and 18).

3) The dosimetric value in the mineral contents of the bone was slightly higher than the densitometric
one (Table 4, 5 and 6).

4) The results of the application on the clinical materials were as follows; (a) The normal value
by the dosimetric method ranged from 300 to 450 mg/cm$ and, on the other hand, the normal value by
the densitometric method ranged from 260 to 400 mg/cm3 (Table 4, 5 and 6). (b) There was found
a tendency of the higher mineral contents in the right arm than the left, in the right-handed persons.
(c) The mastectomized patients who had edema of the arm and limitation of motion at shoulder-joint on
the same side of the operation showed the remarkable decrease in the mineral contents in ulna in compari-
son with the normal side. The longer persistence of the edema and limitation of motion of the arm caused

the more decrease in the mineral contents of the bone (Table 3 and 6). (d) In a case of senile atrophy,
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the mineral contents were one-third of the normal (Table 5 and 6). (e) In a case of Hyperostosis generali-

sata, the bone survey of the skeletal system on roentgenogram gave an impression of generalized sclerosis

of the bones. However, the author’s investigation of the same case disclosed the normal value of the

mineral contents (Fig. 10 and Table 5).

5) The author is now exploring the possible technicue to extend the objective analysis of the bone

salt to any part in the human skeleton and the analysis of the minute structures of the bone such as

trabeculae,
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Fig. 1 The parts of the mould by which the
bone meodels are made.
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Table 1

AR SO PR 3RS 20 W7 5

Composition of the standard absorbers (bone models).

Mineral materials

Organic material (polymethylmethacrylate)

Bone | |

m"‘ﬁs “Ca, (PO, | CaCO, | Weight of | Polymer Monomer
i g |l g8 ([Ca+Pg]| _ & | S C - .- N

| 0| 0 | o 5 110 40

2 9 3 6.48 | 100 3

3 | 18 | 6 12.97 100 . 3

4 | 8 | 1730 85 . 58

E 33 11 | 237 70 | 58

G 42 14 | 30.23 5 | 68

| 7 51 | 17 | 36.50 40 | 75

8 60 | 20 | 4321 35 | 80

9 | e T 23 [ 50.20 30 , 85

10 78 T2 56. 20 25 ; &8

11 87 29 62.70 20 ; 93

12 % | 32 69. 20 10 i 100

[ 13 | 18 | 3 | 7780 | 10 ] 120

| 14 | 120 | 40 | 8650 | 10 | 130

IR, #2204, 20—25kg/cm? MEL T,
FOBEMBA e — 2 —% W b, IE ©F FRE »
BOCILTFAETIIE T5. $§, = o BHRIGE
RAE S B dic, fikils Lt (0.2— 1.0
g2) Ok 1r (BPO) #HVAHE X
L

30 < U CFERL U fo i Sl 2 HE & (B
W 2R NE S oT, Ca & Pik ¥y &
AZh, XffEHC ToTh RROBEANEL It
WZ EMEEDD B, #iR, BEO AT WS

WIEBF 0 B b 0 A b T 14T o F I A Eo

Fig. 2 14 standard absorbers (bone models).
Each of the bone models is 10 ecmx 10
cm in surface area, but is varied from
1.2ecm to 1.9cm in thickness.
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Fig. 3 The method to measure percentage of
narrow beam x-rays transmitted through
the bone model.
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Fig. 4zSchematic illustration of the experi-
ment. (Measurement of percentage
of narrow beam x-rays transmitted
through the bone model)
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Fig. 5 The standard calibration curve relating
percentage transmission of narrow beam
x-rays to mineral contents in the bone
models. (Standard attenuation curve)

Table 2 Measurement of percentage of narrow beam x-rays transmitted

through the bone models.

(50kVp) (*polymethylmethacrylate)

13?3(]11:13 Ca ?_1: .Readings of electrometer _Efé\r:;;;tigg?on _’
No. e/ T I ! )| 1 Iy | v ‘IAverage‘ a % | a ,
Water B e —— r I : !
phantom 0 0.177 | 0.177 | 0.175 | 0.176 | 0.176 | 0.1762 | 0.0007 | 100.0
E(PMI\It[A*). 0 0.175 | 0.173 | 0.177 | 0.175 | 0.173 | 0.1750
2 | 64.8[ 0.152 | 0.150 | 0.150 | 0.151 [ 0.150 | 0.1506 | 0.0008 | 85.5 | 0.57
3 | 129.7 | 0.127 | 0.128 | 0.129 | 0.128 | 0.126 | 0.1276 | 0.0010 | 72.4 | 0.64
4 173.0 | 0.113 | 0.118 | 0.115 | 0.115 | 0.114 | 0.1150 | 0.0017 | 65.3 | 1.00
5 237.7 | 0.097 | 0.097 | 0.094 | 0.096 | 0.096 | 0.0960 | 0.0011 | 54.0 | 0.65
i 6 | 302.3| 0.081 | 0.083 | 0.083 | 0.081 | (.084 | 0.0824 | 0.0012 | 46.8 | 0.70
5 7 365.0 | 0.076 | 0.075 | 0.072 | 0.077 | 0.075 | 0.0750 | 0.0017 | 42.6 | 0.98
| 8 432.1 | 0.064 | 0.065 | 0.065 | 0.065 | 0.064 | 0.0646 | 0.0005 | 36.7 | 0.32
| 9 502.0 | 0.056 | 0.055 | 0.054 | 0.056 | 0.057 | 0.0556 | 0.0010 | 31.6 | 0.58
10 | 562.0 | 0.049 | 0.050 | 0.051 | 0.050 | 0.051 | 0.0502 | 0.0008 | 28.5 | 0.47
11 | 627.0 | 0.043 | 0.040 | 0.045 | 0.044 | 0.043 | 0.0430 | 0.0017 | 24.4 | 0.97
12 692.0 | 0.039 | 0.040 | 0.038 | 0.040 | 0.039 | 0.0392 | 0.0008 | 22.3 | O0.46
13 778.0 | 0.032 | 0.033 | 0.033 | 0.035 | 0.033 | 0.0332 | 0.0010 | 18.8 | 0.57
14 865.0 | 0.030 | 0.030 | 0.031 | 0.030 | 0.031 | 0.0304 | 0.0050 | 17.3 | 0.29

5 —
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Fig. 6 The clinical method to measure
percentage transmission.
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(4) Wi XM ERXRE L, FifoRg
MEE (lateral thicknessD) # il +5%. = o
B2, a7 4 v ARERER i L ( 150em) #E
fB% 74 v ACEE S THES T ERICE
S5 .

BohlFoEE (ecn) T EM.C. (mg/cm?)
RThiE, B EE RO HhS. ALZD
B BE R OB % P U 7 BAALARRES »
BHETH 5.

HEofiiE s Kb+ 5 ko T H
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osteosclerosis # FANC H TR CFEiT 512 &
EFOTEEYERYELEE, s LTk
HEZENHKLDT, HoEs, HH, WA
&, BB B EES A BN T 5 2 L AEET
Ha.

2) ERHRBIC AT 5 JTE RS R

= Z0EFliconWTHE L R YT Sk
DML TH S .

(DI ATEEH (F 3—3% 5) X, EH0RF
SR E AR e 2 B CE A T ot b D
THBHH, ZEORMOPEE A ERE L% h
(K= DFERAT B A DOIEH f#EIRIE 300— 450
mg/em® TH5H EHEETHZ LKA,
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Table 3 Case: A.T., 50-year-old, female, left breast cancer, 17 months after mastectomy.
(Measured at the portion 4.5 cm above the tip of styloid process)
| Points ona transverse : Percentage : Lateral “Mineral |
line 4.5 cm above El%ig;ﬁ:ﬁegr transmission | E-M.C. | fess | contents |
styloid process % g cn of ulna cm| mgfem?
' e 0.127 100 | 0
A [ 0.101
> B 0.067
g B 0.056
e OO
:"’__ = D 0.053 41.7 371 1.10 337
BE B 0.062
=) I 0.063
3 0.071
A 0.086
E%\ B 0.071
:g,:'g ‘B B 0.073
a3 D 0.061 48.0 305 1.07 285
g - E 0.061
g ¥ 0.064
G 0.083
Table 4 Results of the dosimetric measurement of the mineral contents.
(Post-mastectomy cases)
Findings Percentage - La..ter_al Mineral
Case | Age Sex . : - - |transmission E.M.C.| thickness contents
Side of  [Post operative | pq. - [ Limitation ngjen? | of ulna | " em?
mastectomy |period(month) of motion % cm €l
I o4 0 N ] ] Right 38.4] 407 i 1.00 407
M.S. Right 8 Slight | Slight |y 557363 0,96 579
I g o ) _ Right 38.6 410 | 115 | 357
U.Y. Right 4 (=) | Slight  Fyee476 "s72 |10 356
n 36 o . __Rig:ht 42.8| 357 0.98 364
T.N. Right 2 (=) | Severe Iy w™ U577 335 | 0,90 361
IV Bi- Right 49.0 294 0.98 300
49 Q 3 (_) (_:, P T, [
S.M. lateral Left 48.0/ 305 0. 98 311
v a4 o . R:ght430 328 ~La2o 273
Y.K. Kight 5 (= (=) Ifert ariol 3ar |1 280
Table 5 Results of the dosimetric measurement of the mineral contents in a few diseases.
'\ Percentage E.M.C Lateral thick-| Mineral
Case Age Sex Diagnosis transmission > ,‘(-:m‘; ness of ulna| contents
% e cu ngjem’
I . L [RERE 56 | s | e T 1%
p, N, | 66 O | Senile osteoporosis |ygrge 292 160 183
1 Senile osteoporosis + | n.
70 ¢ | Rhabdomyosarcoma | Right 80.4 | 73 | LOO T
m. A. (right elbow region) | Left 74.2 107 0.95 113
I Hyperostosis Right 31‘9 _____ 511 147 348
M o1.| % 0 generalizata Left  35.6 450 1.38 326
IV Hemophilic : ‘ i
S. Y 15 3 arthropathy R’ght _________ 357 __________ 450 1]5 e
' . (left elbow joint) | Left 53.1 253 0.92 278
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Fig. 7 Marked edema of the left arm,
17 months after mastectomy(See
Table-3).
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Fig. 8 Dosimetric measurement in Case
A.T., 50-year-old, female. (See
Table-3).
Badiuy EM.C pskebhnn (K 8). &
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Fig. 9 Rhabdomyosarcoma in the right elbow
region (Table-5: Case II).
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(3) EAMEHS2E (senile osteoporosis)
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HiE, 4 195mg/em3, /A5 183mg/emd Lig b,
s L AEW I D B, # A osteopo-
rosis T;Z) e &fﬁUi%ﬁ»& feots. o g s
KOBE IS EX 5 TlL osteoporosis &
u%&&hmgammr@o,anmgmku
LD, RUDTAENLELDTHD.

EBI L (F5) 70X ok, A EREth o
WECAED 78, HINBIEIR 70 AR 58
130° DR ALC[EE < A F AR T oM s
ENTHRE o RIETH o7 (F 9). HERSEL,
A CGBEAD 73mg/em3, /& 113mg/ecm®C, ik
WS O F S E R O RS b Ay, 25
11 A osteoporosis I X B DOTH Y, i
B D73mg/em® L 5 FW L 5T, B
e T A EELBRS.

SEGIN (3% 5) 13, Hyperostosis generalisata

9
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Fig. 10 Hyperostosis generalisata(Table-5:
Case IIL).
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Fig. 11 Hemophilic arthropathy in the left
elbow joint (Table-5: Case IV).
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Fig. 12 Bone models used for densitometric
measurement,
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Fig. 13 The effect of scattered radiation on

the film density.
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Fig. 14 The roentgenography for densitometric
measurement.
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Fig. 16 Average film density at the measured
portion of ulna.
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Fig. 17 The roentgenograms used for
densitometric  measurement
(Table-6: Case I).
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Table 6 Results of the densitometric measurement of the mineral contents.
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Measured

Lateral

- : b Mineral
Case Age Sex | Diagnosis & Findings gf;?gi‘o:i (e EEE%CE-; ;}f"fllf;‘:"s cogtfé:]taa
process) Cn cm g
Left breast cancer (33 - 3 290 1.08 269
months after ight )
I 51 @ mastectomy) 4 326 1.08 802
A. T Edema: severe; Limita-| ; 3 165 0.97 170
tion of motion : severe 4 180 1.00 180
1 Senile 3 100 0.95 105
T, A, n e osteoporosis Left 4 115 0.97 109
Right breast cancer (3 3 322 1.32 244
months after Right
I 53 Q ‘mastectomy) 4 338 1.28 264
o Hy Edema: slight; Limita- | - 3 300 1.28 236
tion of motion : slight 4 347 1.20 289
Left breast cancer ( 4 3 334 1.16 288
months after . Right .
N.NM. 8 ©Q mastecton'w,t 4 346: 1.15 300
Edema : (—); Limita- | oft 3 262 1.15 228
tion of motion: moderate 4 282 1.10 257
Bilateral breast cancer 3 271 0.93 201
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50 © mastectomy) 4 310 0.95 326
8. M. Edema: (—) ; Limita- | oot 3 248 0.91 272
tion of motion : (—) 4 283 0. 96 295
Left breast cancer (6 3 376 1lgnhl 338
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KWM “ Q mastectomy) 4 400 1.12 357
R Edema:(—); Limitation Left 3 260 111 234
of motion : moderate 4 285 1.12 254
Measured points E.M.C Lateral thick- Mineral
Case Age Sex | Occupation (above styloid process) . y cl : | ness of ulna contents
cm mgjcm cm mg/cm?
. 3 360 1.23 293
W |y s | Xy Right 4 380 1.23 310
W. K S technician [~ 3 333 119 281
a 4 363 1.21 300
i ) : 3 346 1.20 288
| A. N. 17 3 Student Right 4 360 112 3921
§ . 3 394 1.16 339
| & |4 N Right 4 424 1.14 372
i S L ES Physw:an Left 3 357 1.16 308
= 4 417 1.15 363
X N s iy 3 395 1.20 330
7. 0. 32 3 Physician Right 4 433 121 358
TR LSRR o fEdicowT, HoBofkay D), M GBED  170mg/cm®, 180mg/cm?d
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Fig. 18 Densitometric measurement in Case A, T.,
5l-year-old, female. (See Table-6)
Calibration curves relating film density to
mineral contents in the bone models.
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