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The Evaluation of the Bone Mineral Content in Renal Osteodystrophy
by the CT-Numbers of the Mid-Shaft and Lateral Condyle
of the Femur

Kiyoko Sakurai, Fumiaki Marumo*, Shigeru Iwanami,
Hisanori Uchida*™* and Takashi Matsubayashi
Department of Radiology, Internal Medicine*, and Surgery**, School of Medicine,
' Kitasato University

Research Code No. : 501
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To estimate the bone mineral content in patients with chronic renal failure, the CT-scans of the
femurs together with calibration phantoms were taken. Two levels (at 20 cm and 2 cm proximal to the
distal end of the femur) were scanned, and the CT-numbers of cortical bone of the mid-shaft (CT20)
and of spongy bone of the lateral condyle (CT02) were calculated. The materials of phantoms used to
calibrate the CT-numbers were aluminium and teflon for the mid-shaft, and the solution of 40 g
K,HPO, in 100 ml of H,O and acrylic acid resin for the lateral condyle. The examined subjects were 47
patients nondialyzed or hemodialyzed for less than 1 month (group-I), 28 patients hemodialyzed for
more than 1 month (group-II) and 10 healthy volunteers (group-III). To estimate the reproducibility,
the volunteers (group-IIT) were examined twice within three months. The means of CT20 and CTO02 of
them were 1677 and 424 (HU), and the mean differences of the two examinations were 29 and 15 (HU),
respectively. The CT-numbers of group-II correlated significantly to the duration of hemodialysis (r=
—0.63, p=0.0004 for CT20, and r= —0.63, p=0.0007 for CT02). The CT-numbers of group-Il may
become significantly lower than those of group-III after 45 months of hemodialysis for CT20, and 21
months of hemodialysis for CT02. The change of the mineral content equal to the ambiguity based on
the reproducibility may occur in 16 months for CT20, and 10 months for CT02. The correlation
coefficients between the CT-numbers and the age in group-I were —0.11 (p=0.49) for CT20, and —0.52
(p=0.0002) for CT02. The sex difference in group-I was not significant for CT20, but CTO02 of females
was significantly lower than that of males. These results indicate that the CT-numbers of the femurs
can be used to quantitatively estimate the bone mineral content, and it is recommended to examine
the CT-numbers, especially CT02, once or twice a year, for evaluating the progression of renal
osteodystrophy.
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E£TY s 1D, BIFREALVE v SoRBR
EHHY, TORELEILTS L EEERYE
FEELVEEENEAL LTSS, LirL, 40
5, BHBREERECHT S EEE D HMEE L
WXL ShTwigy, BRERTELT 5D,
FTRUmEOHIABETH B,

e, HEHELBAVLhTWSEEEEET
HFBURET, BEEMLL/SMEOP] & v <
WX A RIET S BMAE?, X070 3 =9
Ao RT v TERELAANFEOXBEEANOE
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80kV THIEL, BEEXRDLZFELBH K
7o, B—oBFBETHEEAKERELNT,
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HArERELoDDE, CTAF+F 23 TR
FoTWhlRTIERERTE S HETED
505, ZOREIFERRELEV1S, BEER
EZ20X 5 CHENECBEIES EThiEAC
RAELYTH 5,

LB RFRE TR A FRI» LBUEBTIL Y S
LT, XIBCTAF+ %A, 77 v F—a
FRFREEIC X ) KB EOBERSN 2T T
&, TOFHER I UMooK RC S LWTILTT
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KERE CT 2% v vic X % BitkB RAEIE O T

Fs2BiFoNELRERHEL, B CT EoBEF
AR & DB, it X OMERE, BB,
RE R LT AR F — 20 F L F o toDTE
bichT#HET 5,

MR E & UHE

HNBIMGUBERET, FEBENE T MEKENT 1
A AAATE 258 1 83, MEENT 15 A L2346
ZERIFEL, IOIBREEIFXHEIFE: L
(Table 1),

CTA¥++ 7 XGE#:B o CT/T 8800= 5 »
XIIT, BFREEEIRIZKYV TH5, RGBT
ABREEM I H2em (B ¥ X 020cm (B
#H) T, 254 AEZ10mm, ¥ 7L ¥4 i3
1.1X1.1 mm»?TH 5, CTEEEHRHD 77 v
F—akFAROFRIZOR, TEERIFESA
Bism B LTt s TRIEL, Foduin
CTAf+Fohl#hir—%T% L 5 ET
“y VORI XFET S, LD AH T b
Yo —%iD, KEREEMELHER Lo, 2cm
¥ L 0%20cm OfEE T CT 25,

77V b= AEHBAERO 7 7 v b — AIVE
BHRHMEERD 7 > v F—Al2H Y, WwIhi
FEE T2 VAT TETEY, SREFRE
#2110mm, 120mm T, & Z3150mm TH5, =
DREXDT 7 )V AVEIEFAREE ) B,
KERICH|EBZ S h 5P RFO0MmM ¥ HEE & L
TEL, Wi vt hsFig. 1), Bict
YT HHOFM I X OHE R Table 21077,

Table 1 The -classification of the examined
patients with chronic renal failure and the
healthy volunteers

Group Number Age Character
(Male) (Female) (years)
I 27 20 21—67 nondialyzed
(44+10) or
hemodialyzed for
less than 1 month
I 20° 8 23—65 hemodialyzed for
(44+10) more than 1 month
il 9 33—52 healthy
43+ 6)

***One measurement for the condyle was missing in
each of group-I and group-II, because of using an inap-
propriate phantom.
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Table 2 The construction of the calibration phantom

Radii (mm) Materials
0.0— 5.5 Polyethylene
5.5— 7.5 Acrylic acid resin
Phantom-II1 7.5—10.2 Teflon
(for mid-shaft) 10.2—11.5 Aluminium
11.5—13.5 Teflon
13.5—60.0 Acrylic acid resin
0.0—17.0 The solution of
Phantom-IV 40g of K,HPO, in 100ml of H,O
(for condyle) 17.0—55.0 Acrylic acid resin
Total length=150mm
Effective length=60mm
C ] LF CB.&®.) © CTHECT (CB) &35,
<Ayl 7y b—=aD7 A3 =9 ADOCTHECT
oL (ADIZBUEBE D CT & &< AR KD S, oF
P il A iz, 77evd CTHCT (TR ok HERT.
- E T 57 e vBA0 CTEBERFACAE (AL
yethylene

Fig. 1 A diagramed longitudinal section through
the central axis of phantom-IIl.

ERARAT
EE@EHTICIe a =Ly b« oty B — FHEON
Aaviea—z HP-1000& AL, 7+ —F 5 v
MTr7ers vy vfThhote. —RIZ, BERHF
WEELcBEMbL LS LT3 L EAED S
7SI vIBRBELRS I, KETIE, 77
T4 w2 e A—3FARHA, BN TIRSEE
AL D, £ THED T L HELE -1,

i) BHEEEERLIV 77 v =2l CT
[

Fig, 2(a) 3 KEREFEA L »20cm £ & D
CT#THsb, =DCTHEHLSIRFICEBRTR
EhTWAEHEED CT HEORYZY KD 5,

Fig. 2(b)ITFRT X 51c, LN HBER LE
2b6h5 CTEOB VA XHAESPLET S, Pl
DRSS AP > bR ADCTEX b oE% P2
35, o¥ig, Plink P2~ 5 HEK LI VUEA
BT 5 M d 5 380 5 bk CT Ex ks
DOE®PIETH, ki, JAHAEOHBTCT
B K TH 5 AXIELKE A TH O HHhER E
O CT EDFH% FHMEEE (cortical bone,
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L, AAFECRE L L2 E2EBL T,
Fig. 2(¢) wwnTirEFECHyEREY < 5.
Tihebb, BETH IR LCEHEIRC4S
mo CTDzZE (Al, A2, A3, Ad) ©5H, &
KDbDERNDSDDE(D22) X DEOEL
LTh2k b kEBTES, —oMSERLT,
BEBO CT {ExRD 5K & RERCHEMEDOF
B IERKS A CRAMBRZ KD, oM Lcd
BE0 CT{EDRHS CT (TF) &35, ik,
F7r VTN =Y AORAEMMINCSH B 25,
BERAELTRMIDT 7 = v,

i) SESEREERI 07y b — 2V CT
fiE

Fig, 3t ABBBEAMUE L D2em LB CT
THDH, HHEHPRL ) RREHO CTEOE
A ERLLY 7 0 PE o LEE Y BRE
L, #0oEBAOFEH CT Exkds, =0,
OB LEROFLERIIXIMEDO E 27 AT
#FEL, thtfhoMEAEADCT E0FH
(MEAN) % X O'BI#¥{Rz= (SD) &k, 2 big,
MEAN/SD ##& 3%, LT, MEAN/SD @
EHARK & 75 X 5 IeAEEBAOFH CT Ex
MNEEuEsSE (spongy bone, LIF S.B. &B53.)
o CTECT (S.B) &T5,
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Fig. 3 An example of the CT-image of the con-
dyles of the femurs together with a phantom-IV.
The mean CT-numbers within the circles on the
right and left spongy bones, aqueous solution of

oz | wx fc2a-ca K.HPO, (K40) and acrylic resin (A) (CT(S.B.),

\ I M s feaz-cnz|
A2: |c33-cnfene

— | Z, .3 Hefem el CT(K40) and CT(A)) were calculated. Then,
e !_', ﬁJ s ax T min the CT-number of the spongy bone CT02 was
obtained by calibrating CT(5.B.) with the equa-

/ tion CT'(S.B.)=(CT(S8.B.)—CT(A))/(CT(K

(b) (c) 40) —CT(A)) x402+119 and averaging the cali-

Fig. 2 An example of the CT-image of the mid-
shafts of the femurs and the illustration of the
analysis. (a) A CT-image of the mid-shafts of
the femurs together with a phantom-Ill. The
mean CT-numbers along the closed orbits on the
right and left cortical bones, aluminium (Al) and

brated CT-numbers CT'(5.B.) for the right and
left femurs. The circles for CT(IK40) and CT(A)
were fixed. The circle for CT(S.B.) was able to
be shifted within the lateral condyle, and the
maximum CT-number was accepted as CT(S.B.).

teflon (TF) ((CT (C.B.), CT (Al and CT (TF))
were calculated. Then, the CT-number of the
cortical bone CT20) was obtained by calibrating
CT (C.B.) with the equation CT’ (C.B.)=(CT (C.
B.)—CT(TF))/(CT(AD —CT(TF)) X 886+880
and averaging the calibrated CT-numbers CT’(C.
B.) for the right and left femurs. (b) The
extraction of a closed orbit. Firstly, one of the
points certainly located on the cortical bone (or
aluminium, teflon) is selected for the first point
P1. The second point P2 is the point with the
maximum CT-number among the 8 points ad-
jacent to P1. The third point P3 is the point with
the maximum CT-number among three forward
directions. Then, a closed orbit is obtained by
iterating to link the last point to the next point
with the maximum CT-number among three for-
ward directions. (c) The construction of a
differential image for the extraction of a closed
orbit on teflon. Cij represents the CT-number of = . J———
the point (i, j). MAX and MIN represent the SRR OMIE S hic CT &

maximum and minimum of Al, A2, A3 and A4, _CT (8.B.)-CT (A) .,

Then, D22 is the value of the point (2, 2) on the CT02= CT (K40)—-CT (A) KAL)
differential image.

77V E—ADY) BN T AKBHEBL O
CTHECT (K40) 127 7 v b — aDdLE i b
THEREIIE 7 O HBERA OFH CT e
H5H, T2 IVAEEOCTHECT (A ix77 v
P —aDfLnbERII2E 7 w VBN A
O ETHEHEIIE 7 210 AHBERA O EY CT
fHExERIOWT R LIETHS,

i) FCTEO7 v b — & CTHIC X BHE

ZoriLTELhEOCTEIL Y7 v
FP—20 CTHEZHAVT, &Rk hHET S,

BHMEEFOMWMEI N CTE

CT0= G A er oTE’

X 886880

(26) BAERSEE $478 H6S
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Table 3 The standard CT-numbers used for calibrating the CT-numbers of the cortical

and spongy bones

Material Standard

Phantom Symbol CT-number

(MEAN+SD.)
Phantom-III Teflon CT(TF) 880+23
(for mid-shaft) Aluminium CT(AD 1766+ 31
(n*=48) CT(AD--CT(TF) 886-+28
Phantom-IV A;ly]ic ;acid res;n gl" EA) _ 119+12
m e solution o T (K40) 521+10
(for co?d_)zle) 40g of K,HPO, in 100ml of H,0

(n*=39) CT(K40)—CT(A) 402+ 7

*The letter 'n’ represents the number of the measurements used for obtaining the standard CT-

numbers.

Ticbb, BENL CTHRETR T 7y, 7

I=2va, TZIAEHERIOY vEBEH ) 7 AK
BB FRFh—FD CTERTRTEEL, Th
HLRHEREL L TERNBEICY VIET S, Xl
EXEREOREGID S, BEI048H (FEHE) +
X U391 (HHEEER) O FHE L L TR 7 (Table
3)., FBED—F LD, BPTH -7 7
v b = AHEORHA TR T 5D TH 5,

ok, HEEHEEBOFT—2 L LTIE, EEOKER
BI2WTEHLER vz,

#w B

MEEOBFEMR X O EAECSWTHERTS
iz, 1040EE (I8 2851, 3
A B 2 BSo0fIERTin-7., 2 BoOHE
EEDOEFIOAC D WTEY LER LV E0E
HefRzZ=% Table 405 2 N L v, 54, =D
FHEZBENEEE LS LieTh, ¥, 2
8] > JIEE D 2 D F 3T 5 EE 1A
TEHLIEREI TR Lz, EAEIEOWT
b FEfRIC, EA~20EORIFEIC I B ELREDFEY
Bk XL O DEFE¥ERZES Table 50O 27%ic, %
fo, ERZEDERFHICIT 5 E|E % 20E O HIE
OWTEH L EERHE 3 TR L,

Fig. 43 I BF— 2 53 5E#s X 0K
O ER L T\B, CT E &4 & DB
R # 1% CT20C—0.35 (p=0.016), CT02T—
0.52 (p=0.0002) <& bH, CT20Ic 2>\ TIT5THE
DFizBRRE—0.11 (p=0.49) TH -7z, HHHEk
BT, BURERO LG E FRlO B &

FEFI624FE 6 H25H
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Table 4 The reproducibilities. The column
‘Absolute’ represents the mean and the standard
deviation of the differences between the CT-
numbers of the first and second examinations
within three months about ten volunteers
(group-I1I). The column ‘Relative’ represents
the mean of the above-mentioned differences
relative to the mean CT-numbers of each two
examinations.

Absolute Relative:
(MEAN+S.D.) (MEAN)
CT20 29423 (HU) 1.8 (%)
15+15 3.6

CTo2

Table 5 The differences between the CT-num-
bers of the right and left femurs. The column
‘Absolute’ represents the mean and the standard
deviation of the differences between the CT-
numbers of the right and left femurs about ten
volunteers(group-III). The column ‘Relative’
represents the mean of the above-mentioned
differences relative to the mean CT-numbers of
the right and left femurs of each volunteer.

Absolute Relative
(MEAN+S.D.) (MEAN)
CT20 31+20 (HU) 1.8 (%)
CTo2 1710 3.9

THOBICH L S\WT, SEIFRICE B P BREXFT
feotcfER, CT20CHBLZERL (p>0.5),
CT2wiBzEDDY (p<0.01) TH-7. CT02
TELZCERERERDS L

BTz CT02=547—4.75xXAGE (4£)
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Fig. 4 The correlations between the CT-number and the age in group-1. The
figures in the right upper corners represent the numbers of points for male and
female located above and below the regression lines, respectively.
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hemodialysis in group-11. The data in brackets were excluded from the statisti-

cal analysis.
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