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An Assessment of the Mineral Content in the Femur of Patients
with Chronic Renal Failure by Computed Tomography

Kiyoko Sakurai, Shigeru Iwanami, Shigeharu Horiike, Takashi Matsubayashi,
Mizuho Nakamura*, Hajime Shimada* and Fumiaki Marumo*
Departments of Radiology and Internal Medicine*, School of Medicine, Kitasato University

Research Code No. : 501
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The mineral content in the femur of patients with chronic renal failure (21 males) and of healthy
volunteers (10 males) was assessed with a CT-scanner. Patients whose ages ranged from 31 to 58 years
were undialyzed in 7 and dialyzed in 14. Eleven patients had been maintained on hemodialysis for 1
month to 4 years, and 3 for more than 7 years. Two locations at 20 cm and 2 cm from the distal end of the
femur were scanned together with calibration phantoms. An outline of the compact bone was extracted
from the CT-image obtained at 20 cm level. Then, the mean of CT-values on the outline was calculated,
and calibrated using the CT-values of acryl and of 100g/100ml K;HPO, solution of the phantom-I. A
square was determined in the spongy bone of the lateral condyle in the CT-image obtained at 2 cm level.
Then, the mean of the CT-values in the square was calculated, and calibrated using the CT-values of
acryl and of 50 g/100ml K;HPO, solution of the phantom-II. The calibrated CT-values of the compact
bone at 20 cm level obtained from the patients and the volunteers were 1621 + 17 (mean = SD) and 1595
+ 68, respectively, and those of the spongy bone at 2 cm level were 356 = 60 and 296 = 81, respectively.
The accuracy was proved to be improved by 10 to 30 percent in calibrated CT-values compared with
uncalibrated CT-values. The results from this study suggest that the method of CT-scanning on femurs
together with a calibration phantom is very useful for evaluating the bone mineral content.
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Fig. 1 A scout view indicating the locations for
CT-scanning. Femurs were scanned at two loca-
tions of 20cm and 2cm from the distal end (the
midshaft and lateral condyle). The slice was lem
in thickness.
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Table 1 Means and standard deviations of CT-values in the phantoms
Standard deviation 5D
Mean Measured  Estimated SO’
(SD) (SD)*
CT (A) 118 (116***) 7.1
Pha,“ff;;] CT (K100) 970 18.3
il CT (K100)-CT (A) 855%** 17.2 19.6 0.88
CT(A) 115 (116***) 6.9
Pha,"ff;'“ CT (K50) 542 108
S CT (K50)-CT (A") 428> 8.9 12.8 0.70

*The values of SD" were estimated from the measured standard deviations of CT (A) and CT
(K100), or of CT (A') and CT (K50) under the assumption that these CT-values are rnutually ince-

pendent.
**The number of samples.

***The values used for the calibration of CT-values. The mean CT-value of acryl, 116 was obtained
from 57 measurements of phantom-I and phantom-II.

NIRICEBT 5 LB L THE S h R
Tha. Tihbb, 77V —aIlTRHT7Z2IAD
CT % X U'K,HPO, k%¥#% o CT fEizxt LT,

FRENSD=T7.18 L V18.3CThot. ZhALD
CTE M EB LT3 ERETDE, 77
Yo CT{E & K,HPO KB © CTED X0
RERZE SD'1219.6 (= V7. 1?F (8.3 & 1¢
HETH DN, WEEhi-EAEFZE SD i117.2T
HH SD/SD'=0.88&7c %, AT 7 v b — A-

Fig. 2(a) A CT-image of midshafts of femurs
together with the phantom-I.
A, K100 and P represent acrylic acid resin, the
solution of 100g K,HPO, in 100ml H,O and
polyethylene, respectively.

I, 72920 CTEE K,HPO, K B D
CTfEDZEIZxt LT, SD=8.9, SD'=12.8C# b,

SD/SD'=0.70& 7%, SD & SD' D RIE Tt
FHRA0.3T, BETIERABRO.O5TEETH

!l

Fig. 2{b} A part of Fig. '?(a including the
phantom.
The means of CT-values: CT (A,), CT (A,), CT
(K)) and CT (K;) of ROIs A, A;, K, and K, were
obtained on the CRT of the CT-scanner.
Then, the value —(;-U&';—(JIM was defined
as the CT-value of acrylic acid resin CT (A), and
the value Qm{—)im‘—z—)- was defined as the

CT-value of the 1001;/1\[)0:111 K.HPO, solution
CT(K100).
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Fig. 3(a) A print of CT-values of a bone region of the CT-image shown in Fig. 2(a).
The outline was obtained by the way explained in Fig. 3(b). The mean of CT-values on the

outline CT (C.B.) was calibrated by the equation CT"=

C.B. means compact bone.
Fig. 3(b)

The extraction of an outline of bone.

_CT(C.B.)—CT(A)

CT(K1 OGI] CT(A) - X 855-+116. Here,

Pl is a starting point which is one of the points certainly located in the compact
bone. P2 is the second point which has the maximum value among 8 points
neighbouring Pl. Arrows 1 through 8 represent. the directions from a point to the
next point. P3 is the third point which has the maximum value among 3 points
directed by 3 arrows i—1=3, i=4, i+1=5 from P2, while the direction from Pl

to P2 (i) is 4.
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Fig. 4 The calibrated CT-values of compact bone in femoral midshafts of 8
healthy males (control) and 18 male patients with chronic renal failure (C.R.F.).
Two broken lines represent the zone of mean= 2SD of the calibrated CT-values
of the control group, and were assumed to be the upper and lower limits of the
normal range. The measurements of the right and left femurs are represented

independently.
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Fig. 5 The frequency distribution of CT-values of
compact bone. —; a typical example represent-
ing healthy volunteers, or patients undialyzed, or
dialyzed for less than 7 years. -, -—-—-;
examples representing patients dialyzed for 7
years or more.

I; less than 801 [=CT(K100)—1x0.2X%
(CT(X100)—CT(A)], II; 801-971, III; 971-1142,
IV ; 1143-1313, V ; 1314-1484, VI ; more than 1484.
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Fig. 6 The profiles of the distribution of CT-val-
ues across the compact bone.
———; a typical example representing healthy
volunteers, or patients undialyzed, or dialyzed for
less than 7 years. ------; an example representing
patients dialyzed for 7 years or more. The arrows
represent the location of the outer surface of
compact bone.
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Fig. 7(a) A CT-image of condyles of femurs
together with the phantom-II,

A and K50 represent acrylic acid resin and the
solution of 50g K,HPO, in 100ml H.O, re-
spectively.

W, SRS E O CT Eixk
CT'(SB.1orID=

CT(S.B. I or ID—CT(A)
CT(K50)—CT(A) X 428+116

Ik hEE&Eh 5, Fig. 9 s S o8 1o
TOMRETRT (EHoXKRBE oWt~
Ry b)), MEENIESE Eduic CT fE, BEhLEm %
T EE IR TH S, BIE & h7- CT {E CT'(S.B.
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% P QN gk
Fig. 7(b) A part of Fig. 7(a) including the
phantom. The CT-value of acrylic acid resin CT
(A) was obtained by the way described in Fig.
2(b). The CT-value of the 50g/100ml K,HPO,
solution CT(K50) was obtained as the mean CT-
value of ROI K on the CRT of the CT-scanner.
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Fig. & The determination of ROIs in a CT-image of the condyle.
(a) H represents the height of the lateral condyle.
(b) W represents the width of the lateral condyle.

(c) ROI-I, a square with a side of XZE is located at the center of the lateral

condyle.
(d) ROI-II, a square with the same size as ROI.I, was placed to have the
maximum CT-value in the posterior half of the lateral condyle.

The means of CT-values of ROI-I (CT(S.B.I)) and ROI-II (CT (5.B.II)) were

calibrated by the equation CT' (S.B.L. or II) = CT E?T%és%uli—ll():}% (A) X 428+

116. Here, S.B. means spongy bone.

= control CRF
@ HU 1
£ 500 - -
o N e’
o 400 | . L ..
= . .
‘0 =% - - 3 .
I T £ et teteeeie
o 300 peesEeasas e e e L
g . . . .\ .
o 200F - e s il .
= -
k! non-dialysis
100 1 1 1 em——— 1 1 1 1 1
30 40 50 year 0 2 4 6 8 10 year

age dur ation of dialysis

Fig. 9 The calibrated CT-values of spengy bone (ROI-II) in femoral condyles of
10 healthy males (control) and 21 male patients with chrenic renal failure (C.R.
F.). The dotted lines represent the mean values of the control group (M,) and the
C.R.F. group (M,). The broken line represents the point (F) dividing the interval
between the mean values of the two groups by the ratio of their standard
deviations (SD, and SD,) and may be assumed to be the boundary of the two
groups (CT’ (the point P)= (M, — Mz}-s-.%— +M,.). The measurements of the

1 2
right and left femurs are represented independently.
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Fig. 10 The correlation between the calibrated

CT-values of compact bone and spongy bone
(ROI-I).
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