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Studies of the Skeletal Pathophysiology of Renal Osteodystrophy Using
Nucleomedical Procedures
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In order to clarify the skeletal pathophysiology of renal osteodystrophy (ROD),
bone scintigraphies using **mTc-labeled phosphorous compounds were performed
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in 160 patients with chronic renal failure on long-term hemodialysis (mean 5.5
years), and the accumulation patterns of radionuclide in bone were classified into
5 types (types A,C,D,F, and G). The characteristics of these 5 types were as
follows: In type A the accumulation in bone was relatively decreased, while the
accumulation in soft tissue was relatively ‘increased (low turn-over type). In
type C, a normal bone image was demonstrated. In type D, the costochondral
joints were visualized (osteomalacia type). In type F, increased accumulations
were shown in the skull and submandible (hyperparathyroid type). In type G,
ectopic calcification was evident. The relations between the types on bone scinti-
graphies and the blood biochemical data were also studied. Hypophosphatemia
was observed in type D, and elevated alkaline phosphatase levels in type F. As
to blood parathyroid hormone (PTH) concentrations, all the PTH levels, such as
amino-terminal, mid-portion specific and carboxyl terminal fragments, were high
in type F, but low in type A. Furthermore, the RI uptake ratio of bone to soft
tissue in the 3rd lumbar vertebra (L;), which was an index of bone formation,
was low in type A. On the other hand, in type F, the radionuclide uptake ratio
was high. These results indicate that the radionuclide uptake ratio reflected well
the state of bone metabolism in ROD. Bone biopsies from the iliac crest in patients
with type B (subtype of A), D, and F were also done and compared with the -
accumulation patterns on bone scintigrams. The histological finding in type B
was coincident with aplastic bone, in which tetracycline labeled osteoids were
completely absent. Furthermore, type D histomorphometrically revealed os-
teomalacia, increased osteoids, and type F showed the features of ostitis fibrosa.
Thus, it was shown that classification of the accumulation patterns of radionuclide
in bone could provide histological information. Follow-up studies using bone scinti-
graphies showed that the bone lesions in ROD were changeable relatively early.
These results led us to suspect that the bone lesions in ROD were not irreversible
in the severity and stage of the disease. The bone mineral density (BMD) in the
radius and in the trabecular bone in L; was measured by single photon absorp-
tiometry and quantitative computed’ tomography, respectively. Although the
radial BMDs decreased compared with age-matched controls, the spinal BMDs
distributed over a wide range. As the bone changes in ROD are quite different
from site to site, the multiple measurement of BMD and a whole body survey
on bone scintigraphy were essential for this disease, which shows heterogeneous
changes throughout the entire skeleton. (Accepted on September 26, 1988) Kawasaki
Igakkaishi 14(4) : 624—644, 1988
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HRK/T B VFITT 4D FRBEY
fTote. ALENXE3E, 1[ES5RE 21T
W, {FRBHE i Kindaly AF-148 (3:3%)
<, FOMEpT Nat 135mEq/L, K* 2.5mEq/
L, Ca** 3.5mEq/L, Mg** 1.5 mEq/L, Cl-
106.5 mEq/L, acetate 8 mEq/L TH 7.
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7 4+ DEMEHERL FE8.9+£3.35 8 (mean+
S. D) TtH Y, LOPHRABEYEIL 12.0£
4.4 CThHo1z.

2. 1 Ca, P, ALP, Al, calcitonin, PTH
F L1, 25 (OH).D EE DHIE

Ca j2FE12 OPCD #;, PEEWX Y vigeY 7
vk, ALP 3 Kind-King #:, Al s
FRTRGECTHEL . EFEL, Caig
78 8.5~10.5mg/dl, PREEH 2.5~4.5mg/dl,
ALP 2 10KAU LUF, Al 1 pg/dl
LAFT Hote. I calcitonin (CT) HIEIL
& e  CT »EREYE I, WI-[Asul"]-t b
CT-M » g+ € v iT, Hfkcizfie » CT
My FMELFERLLRCI 5. ZOHIE
RiC X HEFFZED i CT A 70 pg/ml LA
TTHhH, SPEBEEDX25pg/mlTh o1,
ks, BPIEEDHEBML intra-assay TE Bk
¥ (C.V.) 2.6~5.7%, inter-assay = C.V.
4.9~15.0% T Hotc. ' MMk BIFRIE A1
v (PTH) & © JE 1k, PTH o
(M-PTH), CkuEs (C-PTH), NRuH (N-
PTH) % £h £ RIS 5 WE R % H
W Fote. M-PTH BB OHIE L, EEWE
@ [tyr*]-v b (44-68) PTH %, 3t v
ik WI-w > (37-84) PTH %, Hikicitiie
b (44-68) PTH #i=v + V MEA{EH L =5
X ote. 74 PTH JIERix PTH o d iRz
(mid-molecule, M-PTH) % #3252 T H
h, FOIEFMEL 184~392 pg/ml T, HKF/IE
HEE 12100 pg/ml TH oo, Fihe, JEHE
DOFE ML intra-assay g\, C.V.6.3~
13.9 %, inter-assay @ # } 1% 6.2~8.1 % T
Hote. ' C-PTH BEOBIE L FEEHE I
(46-84) v » PTH %, E#+1 xvicit ¥
tyr (46-84) v + PTH %, ¥HECiTH] (46—
84) v+ PTH =12, FIMBERX FEHALLER
W CfTotr. IEEMEL0.5ng/mlLL Fie i amiL,
RN EE 12 100 pg/ml TH - 7=, intra-
assay ® HH X C.V.5.1~5.8%, inter-
assay O ik, C.V.56~19.0% T hH-
72.1» N-PTH OflEL, &5k b (1-34) PTH

BB, Pl-v + (1-34) PTH % &E# +
AEVIZ, H(1-34) e+ PTH =v + Y $1m
FEHURIC VISR T fTo 0. EHfE X 100~
500 pg/ml ¢, &K/ MEHEE X 100 pg/ml T
Hote. intra-assay o BEHEMEI1L C. V. 6.3~
22.7 %, inter-assay @ Fp i C. V. 5.8~26.7
% THotc.'® M 1,25 (OH), DIRE O JIE
BUTFOZELDFETHT 1. 3, RS
EOHH D, IifE 1 ml % “Chem Elut”
(Analytichem Int. Co.) &L, 7 rnr
AEV/TELY (9: D) RTHHLAE., kv
T % No 72 T EBEER, BERE 2
r= 2574 (FELSml/S) ko 1,25
(OH):Ds 4y % S L1z, Z DB D
W, 1,25 (OH),D; % fEieHyE =, [23,24-
3H7] 1,25 (OH),D; #E#mBEr, vx3vD
RZ =7 ) OB cytosol (¥=4) & v
+ 7 & —Z i\ #= radioreceptor assay {ZT
BIEL 2. 1,25 (OH).D ¥ o EH{HL 18~
68 pg/ml Th -7z, HMBRHIEEEE 1% 2 pg/ml
TH b, intra-assay OFHEMX C. V. 9.3%,

inter-assay oFnit C. V.0.6% Th 7.1
B feks, BRI EN S Thh T Wit HI
shunt i & X275 5 J#IR L D 175 7.
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FYvF 57 401 9mTe-hydroxymethy-
lene diphosphonate (HMDP) 15~25 mCi %
M#ERE v EHL, To2~3BMBICTO £
nH A3 (Gamma View D; Hir) #HWT
e ERYEIC.

(1) FoarNIAFTK LB EVYVYFIF

7 4 & B OREL

By vFrsal, BAD RIERBEOA £ —
By 52 5RT & LT, ¥mTc-HMDP
D#E5E, BiIREGHLBREE CORRE, B
BRI IO TS, ZhbR
To5b, BEERIOHRE T TORMIIEH
TE, ICEREORTIENFOEEETTE
ECTHROIMWEFZRNREL TS, £
DEBIRETHS. F{EORNMNEI TV
~BROBNZEDFHIEZLUT O & AT 2.
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FTiebb, FEEKEY vF 27 2% 2 U TIER 4. BHBEDOFHEEOWE
HHLUEL L, Z OFLUEHFIC KT B W RE 0% (1) FEEWCT B X35 3 EMEHED
BOMIE, 2F v HELEENSEH IR A BIEE B

A= O 7 w B L RBEC S THIE EHeE L LT X BRI EEEEMDETH
B, BV VF S5 AR IR EED Y VB2V v A Ao EE (0, 100,

7 4 ARt 10 150, 200, 250 mg/cm?®) &t 7 7V AH O

. \ FHEAH 7 7 v b & GEBLSEBEER & B W

(2) B/EEERORL T, TR O AR EOER (quantitative
B S @ computed tomography, QCT) #f7-72.17

Figure 1 o2 L < &
YVFITSALET, B
BRI AR Eiz Bl % 1@ ROI
TREL, ThZhon
VYRR R AL,
127w O
Ay VB, K ;{
Boryviihay EH
L, Zh#* RI#EELE
Lic. HEEELT, HM
EHE, BB WF,

Fig. 3. CT scan of the 3rd lumbar spine
BE, KEEEEZH-, and phantom
R RTE BB C VN
R 5 RUBEUL % BH Fig. 1. Region of %o,
L HBRc e 7. interest (ROI) 300
in bone scin-
tigraphy

2001

100+

RS RPU

—100

0 50 100 150 200 mg/cm3
K:HPO,
Fig. 4. Standard cave of CT No. and
Fig. 2. Positioning of QCT concentration of K,HPO,
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7> v b (i 40 cm, %
25cm, JEX dcm) AR
FEOBEHRTMCERBEL, B
HED LR % T & 5 72
Fhied 3% L5k,
BBAR & JEHIAL 1T £ 57
(Fig. 2). {#f CT #EE X
Delta 2020G T Hb, &
B 120k VP, B 50 mA,
AF v VIEE AR OLMET
‘L.

HE, FFPREOE
HEXS o scout view # 78
T, 3 EMEMEME © IE
¥, oF hMEHELZ B
BERODICAF v VIEERE
L, 254 21§ 10 mm &
TAF » V&7, BHh
T BTN 5 OB 3 ERE
MBI R L7 » v h A
D £ FEEYE < ROL % 3%
EL7 (Fig. 3). 2 hb
ROI Wo3#y CT FH 5% 5t
I s1ctg, 77 Vb A
DEREYE T H5 V) VI
H2HY v AgEL CTH
T FEE R A TERL L,
3 MR E O CT &5
%, Z OFHERIRICY T
DT, YT 5 Y VEEE 2
AV v AEE (mg/cm?)
RHABD, BERko%Y
B+ L7 (Fig. ). =
ORELE D BHML C. V.
4%, #BHEE12100mrem
THh ot

(2) Single photon ab-

sorptiometry &
X% BEEDRE

125] % F\ ~#= single pho-

ton absorptiometry(SPA)

Fig. 5. Bone scintigraphy in renal osteodystrophy

A: Type showing the decreased accumulation of *mTc-HMDP
on whole bone
Type showing the increased accumulation of radionuclide
on soft tissue and microfractures (subtype A)
Type showing normal bone imaging

os]

@]

Fig. 5. D: Osteomalacic type showing the characteristic visualiza-
tion of costchondral junctions
E: Subtype of D
F: Secondary hyperparathyroidism type showing the in-
creased accumulation of 9mTc-HMDP on skull and
mandible
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W CEE2[E, 3 BEFEfRCEEL, 1~28
B EwmEy T L. BERIBEERNG L
L, MEERY &S TREFIHCERRL. &
¥iBiL 70% ethanol ¢EE#%, methyl meth-
acrylate /AL Y, XFEHELC LD
HEOBER I OMIEMEICL 5T + 791
70 VOBBERIT 5120 ok, BOEK
FRFH RS 2 2 — L U CHEMBEETE (BAE
Yy o b2 BER LENETR
(BhiehrBEBOEE) RD. ek, B
E201 Student t BB TRDI.

II1.

s *#

1. By vsFr3574
(1) &HBYvF /574
160 IO ATENTH O BT REEOESF
G, B EOBHEICE D 7 o0RICHELT
(Fig. 5, Table 1). AFIZE~D RIEFEI K
DTETL, MAKSERNDOERE,ZFHICH
ML7cbDTHh, BEITAR L FBRICHEKEE
D RIEBHINL B~OERNARRTH
0%, WEBIEA~D EBRWEINE 540 T
B ot BKEBABANDOERMINARLIZAT L
BEIAEILC 1M Edbhi., CHUXES
HiEg~ RIEFOHML T 5 m% BRI,
BEEEDEY vF 277 2%RL, RLELD

Table 1. Summary of ROD

. N-intact
Type N | Age Sex | Duration| S-Ca S-P ALP |C-PTH PTH M-PTH
M:F (M)  |(mg/dD)|(mg/dD)| (KAU) ((ng/ml)/(p mol/L)|(p mol/L)
A. Increased .
¥ Optate 19| 54.5 | 15:4 58.7 9.1 62| 84| 21 22 328
B Soft Tissue +£11.0 +£36.5 | +£2.3 | £1.7 | £2.1 | 0.8 +£92 £242
C. Normal 79| 56.5|55:24|  39.0 82| 52| 106| 3.5 75 495
Pattern £13.9 +30.6 | +1.0 | £1.3 | £4.0 | £2.3 +41 4953
D. Osteomalacia | 28 | 43.2 | 15:13| 80.4 | 10.3 | 1.5 | 7.4 | 3.2 . 795
£ Pattern +11.0 £44.5 | +£2.0 | 0.8 | £0.2 | +2.3
P. Hyperpara- | 25 | 46.0 19:6 88.1 8.1 | 6.3 | 43.4 | 20.1 253 1620
yroi1
fhyrox £11.0 4£43.6 | £0.5 | £0.9 | £29.1 | +£9.4 | £173 | £730
G. Ectopic 9| 60.7| 5:4 63.6 9.1 45| 78] 3.0 _ 333
Calcification +11.8 £34.2 | £1.2 | +1.4 | £3.9 | 6.1 +£387
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PN DTHD, ZOELTIFIC BDHR
7z, DENIME, MEKEREGHS L OCHEEET~
O RUEFNFL <HIL, BELETALR
HEBEEEEL LD TH 570,22 ERIT
D Bl & [AIRRIC BB B A & 3B~ D SR Bk LiE
B A, IHICEBEFT~O RIEFERHEML
b DTHS. BHEMIDAM L ERMA &b
BT 28I FDbhiz., FRT £RCE~D
RIEENERLTED, HCHEEBFRIOT
FHEOEROMMN B 2L DTH 5T, 2D
B FCRIRBERETTHEEE o BB 7T R & %2
Lok, 256 b bhic. GEUT BRI
DR AEKEEX AT DT, IFICHEDE
hic, fok, HHBESEE~OM RTERKIZ,
ARFFRNTHD 6 DORBTHE I N, T
¥, AREBENT B~ RIHEEIMETL T
5 71-»EL low turn-over bone Bl b L T AH
i, ERNIDE LR, WEKE~DOEELEHE
THHDDMOHER L L CDHIZ—FEL 1.

Fig. 6. Bone Scin‘tihgram befdrev 'and”after
DFO treatment in aluminum-related
bone disease

(2) Byv#7357 4 LosEEBHKE
& DBk
FyvFsrsa ko DR, FREI, BE o *
NER 1B DT, BEERI TR P
DR CIXHRIEE & 12.8 % (IEH# 0.5~4.5)
BAEERE4 % (EE 0. 1~D & FHc L,
o, FESVA 2 VOWBTELEDLR
3, BEOBINE BMROE T 5 Bik(LiE

150+
Anterior
1004
Skull/ST.
[0
Sternum/S.T.
— .|
Femur/S.T. 3
(e
20
104
0-
A C D
Increased Normal |Osteomalacia Hytﬁerpgga-
Uptake by Pattern Pattern ol
Soft Tissue Pattern

Fig. 7. RI uptake ratio (skull, sternum
and femur) in renal osteodystrophy

Posterior

20
Ls/ST.
(EEE8)
[lium/ST.
—n

Femur/ST.
[(22222)]

Increased
Uptake by
Soft Tissue

Fig. 8. RI uptake ratio (L;, ilium and
femur) in renal osteodystrophy
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DBTH 1. FRFEGIOBEBERE TR
HERE AR DB INA RS B, BIFREREAETTHEE
WX BB RDBRTH -, ABLITHEBES
Wi HEAT T X Fe s o Tend, ARIOBTH EEL
S s BREOBERGCIE, FrIHA20 v
DIFE T &L BDOLNRT, FHEDRMEL LA
b aplastic DETH 7.2 KENLT v 3
= A FBRE € BEP? L low turn-over
bone NEEbhicicdd, F7 =wvFH I vVOH
EnteXhic. 6 A ABOFYVFI 574 T
W CHROIRIFIER B4R~ L e (Fig. 6).

(3) B/EifHKEO RUBIUL E &5 7> v
575 sfg OB (Figs. 7, 8)
RIERIL LBy v 75 a8 & O BRI,
BB cix Figure T 1R+ 2 & <, FREITEEE
o RIEREAZE LD TEMET (p<0.01) &
5 OOVEHEEI T, BB~ DOE Y A% b HE (p]
0.05) KBfE % AL Zhiexl, ART
X, BB OBRUEY & BIE L (p<0.05), [Fkk

(mg/d)7
104
S—Ca
(S
S-P 4
—
5_
0—
40~
ALP ]
(KAU)
Lm B m
A C - D F
Increased .| Hyperpara-
Normal  |Osteomalacia :
Uptake by thyroid
Soft Tissue Patten Pattern | Pattern

Fig. 9. Biochemical data and various
types of renal osteodystrophy
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i

CHEE, KBEEOEIULLEMETH . B’
Hic s\~ Cik, Figure 8 iR+ 2L <53
[EfE D RI BRI F RIS & b 5 < (p<0.01),
DE, CHOIEC ETL, AR A KD KET
Hote. Ik, BE, KEBECOCTIIHL
TefEENEBE S s T,

(4) Ifirh Ca, P, ALP s L 08 PTH &
ey E v F 7 A BORER (Figs.
9, 10, Table 1)

i Ca EE, REMC FEOEIALR
fehy oz, M P, DR TOK P MLE
B TH -te. Fio, i ALPIR DOV TILF
RnAEE (p<0.05) I HET H -7 (Fig. 9).

Mo PTH & 13 Figure 10 <R3 2 &
CFHENE WTFhofllER (C-PTH, M-PTH,
N-PTH) ik Th, FHEEY AL
M PTH #pix DB, CEOIHETL,
AL WFh o BIERE BT RLEMHET
H ot

(p mol/L)7

1500 ﬂ
4
1000+ 'F

N-intact PTH 7
( EEEEER)

M-PTH 4 M
—

500+

(ng/ml)7

104

C-PTH

Increased
Uptake by
Soft Tissue

Fig. 10. PTH (N-intact, M-PTH and C-PTH)
level and various types of ROD
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2. B3 EMEYEIR T OB E

(1) FA—EHERE X OR 3 EER OB
& (Figs. 11, 12)

Figure 11 13 X# CT & & %45 3 JEHE O REMWT

WriB A 723, ROD o@B#E D% IL, R{E

Fig. 11. CT showed quite different bone
change in same lumbar spine of ROD.

Fig. 12. The bone change are quite
different from site to site in ROD.

DB —RRC AL 2D TiE <, BKDERL
WAL &, M BN ERICINORENH S D
NEERITHh . T, B—EMATH-TL
e A EHETIX, Figure 12 i@ 7+ =k ¢,
BHK EEEDORBIEEC L 5 TR S Z L2

% BMD
(Ratio of pt. to control)

s0{ A
C FF
Gg c
o
0 A
ST
-807 |A E
—1704 G C
—60-
50 G i G
50 100 duration (Month)

Fig. 13. % BMD, special reference to
duration in L; in patients with
chronic renal failure

CRF r=-—0.66 (N=16)
y=-—3.85x+355
(p<0.01)

K:HPO,
(mg/cm3)

200+

® Male
O Female

100+

T T —
0 20 40 60 80
Age (yrs.)

Fig. 14. Changes of bone mineral content
of chronic renal failure as function of

aging
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Bk b, ROD oFHRETE—TIZZW
T ENHB M EL ST

(2) 4E#h 3 X O BHTHIK & DBtk (Figs.
13, 14)

ROD @3 o 3 BHEERE © FiERL, F
W, AR —HIEEEZCEL T, EFHRE
DIER & & LR T & RT OO0 M Hn
HRT b D FE TRIEVAMmARD S hie (Fig.
13). b (x) L OBIRTIE, MERE & bITE
HE (VDA BECETTAZ ENBEIR
(Fig. 14) (y=—3.85x+ 355, N=16, r=—0. 66,
p<0.01). Z DAL, IEFZE DIEHE S IR
YERBETHY, BB EFERELD
BT BB O HBEMEIIERD b ied Tz,

(3) RIBRIEBIVBEYVYF /5208
iz —v DBtk (Fig. 15)

3 EMEERE 0 BERE L, BY VTSI

7 4 b 5 3 EHERS & BT RI B &

CRF
KzHPO; Y=4.9x+86.4
(mg/cm3) (r=0.77, p<0.001)
Fe~
Fe
2004
.
F
z .
i * o F
C p B
.g ° °
°
.
G
- A
100 (.:
c®
° °
G A
.
s A
0 T T g
0 5 10 15

RI Uptake Ratio

Fig. 15. Correlation of bone mineral content,
bone scintigraphic types and RI uptake
ratio in L;

it (4% HFAE 1988

DBtR#% Figure 15 14, RIEIR (X) &
BEE (V) LOMCIEEOEAMAZDL
his (y=4.9%x4+86.4, N=19, r=0.77, p<
0.001). 7c¥, FECBHEEE RIERLS
LI EEE, AR, GETIX BEEL RI#
RO HMEMEL R TEASRD b,

(4) s Ca, P, Al, ALP,CT, M-PTH %
X 01, 25(0H),D & f & DEIfR(Figs.
16~22)

i Ca, P, Al, CT 7% 1,25 (OH):D §&
B &5 3 EHEER B OB E L ORI IS A
FZOMEENED bR »Te. LHL, fid
ALP (Fig. 19) s X ot M-PTH ®E L&
tEE L o (Fig. 21) @ X BE DM, B
xhie (FhFh vy=2.86x+92.0, N=16,
r=0.70,p<0.005 (x: ALP, y: B#&), v=
0.08x +86.2 (x: M-PTH, y: B8&), N=
16, r=0.74, p<0.005).

CRF r=—0.31(N=16)
K>HPOs NS
(mg/cm?)
[J
[ ]
200+ R
b 3
J el e
»
[ ] [ ]
[ ]
L4 °
1004
(]
0 T T
0 5 10
Ca (mg/dl)

Fig. 16. Correlation of bone mineral
content and plasma Ca level
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CRF r=0.08 (N=16)
K2HPO4 NS
(mg/cm3)
b .
2004
.
b . .
.
° °
° .
1004
.
.
.
0 T 1
0 5 10
’ P (mg/dl)

Fig. 17. Correlation of bone mineral
content and plasma P level

CRF r=0.38 (N=16)
K2HPO4 NS
(mg/cm3)
.
.
200
.
° .
E .
.
°
.
1004
.
.
0 T T
0 5 10
Almi (ueg/dl)

Fig. 18. Correlation of bone mineral con-
tent and plasma Alminium level

CRF r=0.70 (N=16)
K2HPO4 y=2.86x+92.0
(mg/cm3) (p<0.005)
° [
2004 .
.
Je le
[
®
1004
[ )
.
[ ]
0 T 1 -
0 50 100
ALP (KAU)

Fig. 19. Correlation of bone mineral
content and plasma ALP level

CRF r=0.12 (N=14)
K:HPO« NS
(mg/cm3)
.
.
2004
.
N .
E . .
.
.
° .
100
)
.
.
0 T T 1
0 100 200 300
Calcitonin (pg/ml)

Fig. 20. Correlation of bone mineral con-
tent and plasma Calcitonin level
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W BB % & Gk (145 45 1988)
CRF 074 (No16) CRF r=—0.06 (N=13)
K,HPO: ¥y=0.08x+86.2 K2HPO, NS
(g /cm?) (p<0.005) (mg/cm?)
[ ]
° . o
2004 009, .
° ° °
4 o . 1 °® ®
Y ]
° ]
3 ° .
°® . *
100 100+
[ ]
L]
[ ]
[ )
0 T T 0 T Us T T 1
0 1000 2000 0 10 20 30 40 50 .
M-PTH (p mol/L) 1,25 (OH).D (pg/ml)

Fig. 21. Correlation of bone mineral
content and plasma M-PTH level

Fig. 22. Correlation of bone mineral con-
tent and plasma 1,25 (OH), D level

3. Single photon absorp-

1.0

Male

Radius

Female

Radius

tiometry 12 X % BEEH 4 o *
HEoMNE (Fig. 23)
Figure 23 1= ;532 & ¢,
ROD ##E o BEEER I E 1
WHECHL TETT % $0n
HLBEDBRI.

4. By v+F27574 1 X%
% R B BT 7
(1) HEHElIhicEyv - i .
F 75 AL BER

B OREBILE
BYvFIrs7 4L ST . -
Rl % Bt U187 96 Bl £ . R L
B 7o £ D (L% Table 2 2 40 . 60 80 20 40 . 60 80
RS, PRl vF2357 4 Fig. 23. Radi'jl BMD in patients with chronic rgnél failure

TAZNZIOBD o723, 28]

BOBEY v #2757 4 THYRETH-T2bDiL
THl, CREBTLIELOIX1H, GRICBT
L7ebDX 2B TH otz FEIYvVF757 4

=
o

TCHA/RL 750 fild, REX35HITHD,
THIB AR, 2623DRE, 3FFRIC,
BN GRHIEBT L. WEyvF257 4 T
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Table 2. Follow-up bone scintigraphy in ROD

Type Cases E‘r(;}é%?hgg Treatment
A B 10 A type 7 cases 8.4+4.2 (%3, *¥*])
Increased uptake C 1 8
of soft tissue D 0
F 0
G 2 11.0+1.4
C 50 A 7 7.9%£1.7 (*4)
Normal pattern C 35 8.1+£3.9 (*12, **1)
D 2 9.5+£0.7
F 3 7.7£1.5
G 3 7.3+4.2 *2)
D (E) 15 A 0
Osteomalacia C 4 12.8£5.0 (:3)
pattern D 8 9.3+£3.7 (*2)
F 2 12.0+2.8
G 1 11 G
F 17 A 1 14
Hyperparathyroid C 4 12.8+3.7 (*1, *1)
pattern D 1 8
F 11 10.1%4.7 (*9, **1)
G 0
G 4 A 1 5 D
Ectopic C 1 8
calcification D 0
F 1 10
G 1 7

*aDy, **ECT, #***aD;+ECT
DA RL 7o 15 Bt 8 Bl RET H - 72nd,
CENCIZA M, FR X243 X0 GHL ik
1ERBT L. Wy vysF2757 4 L CFR
D 17 FICiE, REN 1L gIch b, AR 14,
CHElic 44, DR 1 FINBITLI. FEls v
F 7574 CGRID 441X A C F, Gtz
RER 1T OFEL L. Zhd OB hid g
R (72 AxBI2HA) KilBZWESZ
LR iz (Table 2).

T, RENCEAZZERTS.

fEGI1: CHL M.K. ¥, 543 GEMIE
217 A)

WEY vF 757 4 TECRTH - (Fig.
24 ) S, 8 HPHEOE2EE OBV VTS
57 4 T, HEHEB~OEENFIHCHEML 1

PR L7 (Fig. 24 ). A(LZHAE T,
Ifidr Ca 1% 8.2 mg/dl A5 8.3 mg/dl i,
P#EIT 4.3 mg/dl 725 5.5 mg/dl i, ALP
PRS2 6.4KAU » 5 12.7KAU 1k, C-PTH
EEET 1.5ng/ml 2s 5 1.0 ng/mlic Z{b& 7R
L7z

FEFI2: CH Y.I. B, 51k GEME 104
:DED)

PEly v 2757 4 Tk CH T Ho7edd,
0P RBEOHELBED BYYF 757 4 CF
W, B o ZIEEKITE (GE) £ Uk
(Fig. 25). Afbepirfrcikmd Ca @ 9.3
mg/dl 35 9.8mg/dl iz, P¥EEEL 3.5mg/dl
M5 4.4mg/dl i, ALP jEpgiz 18.1 KAU #»
& 13.4 KAU ic, C-PTH*jpE}30.8 ng/ml



Fig. 24. Bone scintigraphy in renal osteodys-
trophy. The increased accumulation of
9mTc-HMDP on skull was observed.

25 0.3ng/ml w25 (kxR L 1.

(2) RIEHULOFHIC X % a5
MED FYvF 2757 4 NIEETH o7 52
FEFID 5B, FRBlERCEYvF 7574 1
DRI L T REFNC DT, BRI R T
THHER F 0L 5 3 EME O R ERLOK
a7V, ORI EE% BE L o (Figs.
26, 27). FEEB BT 5 RI ERLOLEIL,
Figure 26 2753 & & CHEHE~OEENEY
Lt s TeB(FEDTIX, wEY v 2357 4 B
L C2EBALUBETHEE (p<0.001)7: RI#E
BtoWINEE IR, —F, Lo
BITUICEERI T, HEEFO RIBRHEIEE
REEIED Hhih 7.

iR, £ 3 BHET DWW C RIERULD 2 [0
BUREDOZE EE H % &, Figure 27 R4 2 &
CHEBE~NOEENFEWAT Ho B (FHED
TRRERCHER (p<0.001) wEEz AL 7.

(14 45 1988)

e !
Fig. 25. The increased accumulation of
9mTc-HMDP on stomach was observed

at S. 60.7.

LaL, fioHTIX EER BENLRADSNT:
Mmooz,

(3) BYvF757 41k % AR &
C-PTH & - 0Bk (Fig. 28)
2EIBUBEOBY vF 275 7 4 1T\ CHE
B RIER 28 MinL 4 FEFC BT, C-
PTH BEO FFIBETHD, HETOER
Hmé C-PTH B L ok, AE OB
&R SR Ieh o7 (Fig. 28).

Iv. % %

ROD WHEGIIZ & h Bk @ B T Z¥ i Bl
BEETRTIENMOR T3P TR,
O BHERHHELOHMNT LT T, BHEEE
PIEF & T R B TUHE L 7o R 0 28k (mild)
DH D, @ FECHRMLAZHCHEINL, B
BOEREMNTIEL, M PTH & 8345 i@t
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RI uptake ratio
(Skull)

* p<0.001

04 —v
1st Scinti.

2nd Scinti.

N.P. N.P. | Skull |Cost- Fx Ec
chondral

junction

Fig. 26. Correlation of follow-up sciniti-
graphy and RI uptake ratio (skull)

RI uptake ratio
(La)

* p<0.001

104

54

1st Scinti. 2nd Scinti.
N.P. N.P. | Skull |Cost- Fx Ec

chondral

junction

Fig. 271. Correlation of follow-up scinti-
graphy and RI uptake ratio (Ls)

ng/ml C-PTH

0 —
1st Scinti.

2nd Scinti.

N.P. N.P. | Skull | Cost- Fx Ec
chondral
junction

Fig. 28. Correlation of follow-up scinti-
graphy and RI uptake ratio and
C-PTH level

FHEOBE RT LD, @ BHBCRHMELS Hn
L, PTHRLERL, L2d BEROETLR
BikLECBERT LD, @ ZhicklL PTH
BETL, BEBROGBRRE L, BHTEHET
5.0 chbixkTh{RFA, KEE
BriEoslboThs EEbhs. LichiosT
L —/ € & 3 v DFIREIFIRER i
L RE TR L, RS, BRSOV RE
B BT REThD EELDRS. BERC
L5 EHRBGY, REL MY L TEERIC
BRLELIFISELET L, RENTHS. ¥
72ROD O BIRE N B Y vF 757 4 X X
CT THRBRIZEL, BOFMIT LD B D
1 RA—BE BT D &Y FT52 &b
5, BohicB TORL AL TOAERT,
ROD 0fEfE%x %1% LTI BdTART4 &b
Xne i, BYVFSS 7 4 32H0FE
fbx—HLEBZ L, REXRC, 2% F
S BCHE LES 2 LB EREEED
FEBORH®?® It L ORAMEREORILD
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T, RBMEEERR EOeH 0 BINE O
h FIHL 1552930 9mT e ) v igb&
WOBCHERTHHEF L L UL, ROFREMEN
BEFoh3. O BFACHENEINLUREBT,
- X - hydroxyapatite §5 8 O£
iz, 9mTc— B EMIMLFER & BETHT
REtE, @RFTOMmEHEMN (O OBERLIEE IR
%) ik, TOERLIRE IR D HEE, @ KRB
as—r vEEETAES, ENELD
T 5.2 JFFME R RS TH (primary
hyperparathyroidism, PHP) ¥, BHEER
T OV TFEEE~D RIERE © #in 2» HEHTH
D, FELIE T WG e~ DER
NEHTHD EREINRTND.2 FoBAD
T3 =y AWE W k5 aplastic bone TiX
BAD RIEFTETL, BEHENOEREN
MR ~TESh T 5. 20k )
By v 2757 4 EO RIEROHINAY =T
FrRvk, PHP Tk B OMNE, BELE
TIREBFOHIMY KL T30 LEL R
5. —F, TAi=U AREBECKTAE~D
RIERBOETIE, BHEOET % KL T
5H0LEIND. SEBEEH LA ROD oF
VF U5 AT, BEO KL Dl IEIER
DB DEFHNC, PHP, F#k{LiEd X OF aplastic
bone % Hb¥b v vVF /S A BNADLR
fo. T O, PRI, Th b ORREEF ¢
BT L Bbh b BE RTEAD A SR,
PHP P Loy vF 275 2865 2ELIFR
T EHB~O RIEFEABML, LB
DIFETH S ALP L 5L RT Z &0, £
HERBIEREORECHL LEbI D, &
7z, ffis PTH &<, £ ORBIE ZRERIF
RBERETTERN AR T LD L Bbh, BE
BBIRED CHRMEMEBLRDOBEET S LD L
HEINDS. By vF 25 anVEERILECEL
L7=DETIX, 2582 & CWIKEHEGT~D
RIEFE ML, [ PEOKHED HER) <
BB 0D, ARIEECTHFEIITE I,
MBS CREROENN EEIRDLDTH
5. ABLTEHE~O RIEREOET = X Ol
FALP ofBfEL D BIER © KT A REZh

g =
¥ &3k

(5142 #4%5 1988)

7o, Ficdid PTH OEE 25, = OFEmE
ErLHBALEL BB T I =y 4B
T b b aplastic bone % R+ oL His
ha.

EBI B AR A T LS IERAE D D T T
b, By VvF IS5 A8 L BEBENIERCIIG
T5ZEDFHUIEBR TRV, LasL, 4
BLECDH, FH#l, BREOThFh 160K
BT, D HEBOWINE RT BHLIED
%, FANTHHEL & B b otk &k o
R, RIOCARIGEWH B 505 BRI TLLs
I 7Y VIEEDOE L AB RV RAE
bhiz. B, BEOIEGNT, b7
=2V ABREHREYFTHT 7 amF Y I VT
HWELICEZ A, 6By vF 75 48N
CHl, 2FWIEFBILBIT LI Lt &b,
FYvF 7 s O RS & BHEETTR &
X, e ) BT RHE LT B Lo Bbh
b, SHBIBICY VF IS AL BRBBEED
SR T A 2 Tk T, JEREA B
BOBRNELND L 5D D LI R
%. ROD o FHRELIEGNT X ) JREF DAL
ORENRELD, FFAEFATLRER L
BECIVREO BE X B, T, X
CT ic X A BHREE TAOREZ L L F—F
CRWTHERN, EFOMIIRLE. 0
I SWHREDEL VREMER RTERATIE, B
AR X 2 —E OMBERIBERITIIE B e
MU LA LS., EBEHBE
2, ZOXSERELRIETH OBEHRTH DD
CRL, BY vF 257 4 RRFORHEL
FEOERBOBERAY RET 5720, MBFH
T L O EMEREY W L1585 AT EELH
EBbRA.

ROD 0F> vF 275 & L O BN THFR
—ODRIEDFEHMEELTD LD, HBHW
ER—REORLZFEMERL T B D7D
MIEERMBECHD. BELIIIFEFY v T
757 4CE5BVELOKRAEICL S EH1/3
DIEFIVIRE OBITHRZADBR T 5, 2D
LBy VT s T ARSI, HECRT
LEB2HEETHY, LrbTOBITIXAEMD
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HERESHEBITTHE2 EELDLNRS. L
Mo TEYVF T 7 4 pVERERY XL TOE
(EER KL TS D7 b, B < BEAH

DELDHELT, BOELOBELL 5T,
FERENCEREBOERY M BD Z LT dis
D, SHLEEELZ EXEESROHEEZTV
Bor Tk, BEAHOBRECIHETS
ZENTEDLZ ETHA.

SEIOKRF Tk, BEBREEEOEY VT
757 41%, EEENLE 2 DRI AOBITH
Zbhic., CHRAD BTN R L TRECHK
#, WEOH A% RT L OMENORENILITE
LoD, SBERC I L EHEBKRGEFY vF S
T AR EOBBEEHLET D LI L 5T, fBE
ERLLICEY v 25 7 4 DR THRESRE
DHENRREIC I % LS 5.

ROD ofF#ll L mDREICIL By v F 275
7 4 TR TELFBR LEETH 5. ROD
DHERITI T kM RIF IR e TUEE DR,
EHER & 3 v Dy EAREEOHEDIEL,
Ca*PHE, 7V F—Y R, =732V 49, b
W % “uremic toxin” 7o ¥ ET A L E LS
nTW5., ZRERIFRIESETTEETIBERE
S MFPRED EFCHED, ThiTk»
Tt omp Ca BEOK TX &L, £0
72 PTH oA RENCAET 5. &6
ik PEE O EAA R &, Mg Ca REN
ETL, ZhiMEVRIND b5 “trade
off "BGnAbND. FBETDI1,25(0H);D,
DEGHREE L TAIC L % BE Ca WIDOETF
1%, THIE Calfififx &7, PTH 5%
BT 2. —F, B oWwWTLAKLEELE
BT 5. ¥, POBEEN»SORIHIEAE L
THWHKS ALE] (7437 0) iF, —8iT
R BN h, BORKILHRCEELA
RALEESE & & L& bie, EIFRE»BO
PTH % & T 3¢ BlaoEE2 HE 35
LorEZLRS. WTFRICE L ROD OFELE
DRI, PTH, Al, Ca« PRz ENERER
BEHRBILLTCWD LD LB, Lichis
T, ZHRERIFRIEEETTEIED 28 12,
Ca, PRIV BROEIEDIEET H5 ALP

DIz, PTH JIEZ Ry X TE I, o
#2L ROD e \» Tz PTH 0 CEKIE-7 » &
A4 MR T » 1, BX oI hitn
PTH o RNEWMF Z JIE L T35 Z LTk
BINETHE. ROEMFEIN (1-84) PTH
o immunoradiometric assay (%, RNEERH
DB Z I (1-84) PTH 0% IEFECHI
ET B T, 4% ROD o “kid: BIF R
BETTHERE D W B & BET 5 L0 & Bb
5B, FELAE = aplastic bone @ ZHHC B
PTH B Digss, ALP, Ca, P {HOREN B
HThs. S

HEDZ &L, AL ROARIC X - T ROD
DR « FIREHIE LB, By vF s s
74 EPFEB LI X 5 TR - Rl oBEe
BERROWENFREL D LEZL DN S.
ROD 13 #HTIIHI O MR & & i BB DM
DFBC EBIEHBRTN S, W b0
WEXAEREST CHE IR DTH DA,
B RENE 95 %0 BKEEL Ve, LOWE
HIEEBEE L TS D THE. B
HOEBEXBREBRCKFL T2, BE
CHL CEREEOKRE WEREE, KERT
L CTREEES 8 FHV bl T 5.
Lich o T, BEOBIXFICEHEC B
L, #EH7x L@ 5 Kt b s cRic b
Bt &E2bN5.® BEMCT & (QCT
B BRELEHREEOAFHETHLOTH
%. SREOEHECRT 2 BEEDOHIE T,
FBRPESEREL Ch, BEORBERETALR
e X 5 WAL A Eh T, REETC ST
i, LA EEY ROEF b HFET S
LAGRE N, SO B, EHRETCIEEE
LR ARBMHFHEZT OB LD EHEN IR
72, Lizi»T, ROD o & & BH(LDLE
WERTEREBTIE, E—DFoRbLY, KA
BRI OEREORFOUENLATHD LF
zbhi.

V. #& v

1. REIBHTHOBEFTI I2EE O FY VT
777 4 BRI EBREOKRUS B L AL, 1Z
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EFCE T 0EH, BIFRIRESEETUEEE, B8k
{LHEE X O aplastic bone DHE % R Rz s
HLER. B2 R 25k, PTH 45,
FRIEEOIRE M8 bhie. i, BV v T
777 4 BIOHEHTR I b, BfkE
RIETH L 5 WE % HEET 5 Z LN AJRET
H ot THSFIT HERAEHRCHLCE
fT723DTHY, HVEBELOBWRIZL 5T,
RBOETRE, BESHROHECET 85
USTETAY RS R R i S el

2. ROD pBvv+757 41%, &2HFDOF
RBEREE WA 2 ENTE, - RIEEK
LY REFTOBRR#Y L ERLLE S =¥, ROD
DX S I BCRGFCIREDET HHRET

X

(BB14% 245 1988)

X, BAERICE 2 EEBGR LD LIREH R ER
MBAFTEL LD EEbh.

3. ROD oy BRI EE T L By, B
BICL T, BLAEMTHLDLHD, K
BELEBRETIRL B LETRTIOLEEbA
7o Ll 5T, ROD OBEHREOWUELHIF
R ORI, KEE, g omEORE
DLBELEZ Hhte.

Rtz pictic, HisE, Bk SR
w0 F Llc AERIRSEHRE REERER, @kC
RYBFRCHEHOBERL T, T, HIRE 72
EF LICHEHRE S HE W6 T AI—5EE 7o b 0N il
e fdE F L BEAR RRIEESE ciiBe®
LET.
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