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STRUCTURAL STUDIES OF INFECTION STONES:
STRUCTURE OF THE NUCLEI

Hideo TaxkrucHi, Taira KonisHi, Hidenori Takavama

and Tadao TomoyosHI1
From the Department of Urology, Shiga University of Medical Science
(Director : Prof. T. Tomoyoshi)

The composition and structure of nuclei of infection stones were investigated. Twenty seven out

of 40 renal stones were found to contain struvite and/or carbonate apatite in the nuclei as well

as peripheral layers, and 13 contained calcium oxalate.

substances in the nuclei.

Some bladder stones also contained different

In some infection stones whose architecture was studied in thin section and with scanning electron

microscopy, we found large numbers of bacteria in the nuclei composed of struvite and/or apatite.

Though we could find no bacteria within the nuclear parts composed of oxalate, we found them in

apatite layers outside the nuclei.

Urea-splitting bacteria are suggested to participate both in the initial formation of struvite stones

and in the diversion of oxalate stones into phosphate stones.

Such bacteria may play important roles in

stone formation, not only as promotors of crystalization of struvite and apatite but also as a component

such as of an organic matrix.
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Roentogenograph of a staghorn
calculus shows nuclear parts
(arrows) surrounded with lami-
nal layers.
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Fig. 2. Cut surface of a staghorn calculus

A. A small nucleus (arrow) in the mid portion
corresponding with renal pelvis.

B. A large nuclear part is seen in the lower
calyceal portion. note (white arrow) difference between the nuclear part and per-

pheral layers. A daughter stone (black arrow) is suggested to be embedded in the
upper calyceal portion.

Fig. 3. Large bladder stone consists of three different layers.

Table 1. Composition of infection stones

outer layer inner layer nucleus No. of case
kidney stone MAP and/or CaP MAP and/or CaP 27
MAP and/or CaP Ca0X (monohydrate 6) 13
dihydrate 7
bladder stone MAP and/or CaP MAP and/or CaP 3
MAP Ca0X(monohydrate) 1
MAP CaOX(monohydrate) ~ CaP* 1

MAP : magnesium ammonium phosphate, struvite

CaP : calcum phosphate, carbonate apatite CaP* : hydroxyl apatite
CaO0X : calcium oxalate, whewelliite or weddellite
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bR ORI L BRE G & IR TH - fo. Fig.
6 122o0% (EEY Ilmm odns 1.3mm 0
D) b, FERSCHBHEA TS Db
5.
EHEBEFECOBETIL, ik MAP % CaP ©
RS DEh, Fig. 7 0T L SR OMEDERD
FHEMRE (matrix) 23&bhi. ZoEAED AE
#3511 Proteus mirabilis 2AEEEI WA, Thb
DB AIRAEES AN T, REICIE apatite DM
A EELTED, AHELTOIDILFEREEERE sh
fo. FrBOEAEOBMCIL Fig. 8 0k, %o
IR D apatite 2EALTEKH, #Hdds &g
FEBIPE e HERTHIN, FLHAEDRDLA
fo. T DHEE LT apatite DRHEOZIEIZ 2 ~3
BoBEEYRL, 0 &DDBR/PNIIRERIRO /NG
BLbhioTkh, HLBCITHEEYELRED R
fo. T NI BRDRO FEfLI apatite DE/NENL
tabhs.

2) secondary infection stone

Fig. 4. A. Thin section of a renal stone (same as Fig. 2A) A nucleus contains large amount
of crystalline and small amount of organic substance. Size of the nucleus is about

1.0x 1.5 mm (PAS stain, x20).

B. The nucleus is composed of numerous apatitic
spherulites (3~6 pin diameter). (x400)
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Fig. 5. A. Thin section of a renal stone. Nuclear part (arrows) is composed of large amo-

unt of organic substance. (PAS stain x20).

in the nucleus. (x400).

B. Large numbers of bacteria are seen

A

Fig. 6. Thin section of a bladder stone shows two nuclei. (x20).

B CaOX Dff, —Ro BBEEAD KER
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Fig. 8. Scanning electron micrograph of
the nuclear part of a renal stone
infected by Proteus mirabilis. Apa-
titic spherulites, composed of large

38387 28KV Su

Fig. 7. Scanning electron micrograph of « numbers of crystalline, contain
renal stone infected by Proteus bacteria-like substances (white ar-
mirabilis shows large numbers of rows). Bacteria bodies (black ar-
rods in the nuclear part. rows} are also found.

Fig. 9. Thin section of the nuclear part of a struvite
stone. The nuclear part is composed of mainly
calcium oxalate. In the center of the nuclear
part a small nucleus (arrow) is seen. It is com-
posed of crystal component and organic subs-
tance. (PAS stain. polarized light, x20).
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Fig. 10. A. Scanning electron micrograph of fracture surface outside of the nuclear part.

Apatitic parts (arrow) are seen among the oxalate crystals.

10B

B. High magnificat-

ion of the apatitic part (arrow in Fig. 10A). Large numbers of rods and organic

substances are seen.
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Table 2. Nucleus of infection stone

composition of nucleus

genesis of

crystal matrix bacteria initial stone formation
primary MAP +~H# W bacterial infection
infection stone CaP {carbonate (urea-splitting)
apatite)
secondary CaOX -
infection stone CaP (hydroxyl metabolic disorder
apatite)
UA

B#xk L v CaP oGRS R, ThidZ
RN BH A b b, BEESHVELLUERE RS
o FLTOBERRL, ) vBREECBIT L CE
R EAETNTERRBER L LTHEAL, ST
CaOXh FOEACRED Z it/ W2 IR 5P L
S O—ic CaOX DfERILEV RS S & &
BB, bTENLTHD. JhiivbERESEHET
BRIND ERPT FREL, RERSELL, MAP
HB\E CaP DEHLEEXRL, FF V<AL
FWAT 52D THS 5. i CaOX 17
A Y RICTHTH LIz  wWicdhd Lk,

BEEADNCHEN RN D = LB B LD,
% DEE E. coli DX 5 IEREFHAETH D,
AR & WEERRL L, iR -
b T Eigys, IR bMELGEIADRD
B, ZOBELEIIIERIRSEMETHS. Ll
& Z¥Z Proteus mirabilis % Staphylococcus 75 &
DRFESFAEORE L AN, e TTHEBEL -
AR AN BT T ATELRS IS D
BRLESREBTNETHS.

LI F 2% @ infection stone 3 Table 2 I & ¢
CEEDBIENTES. ChHOBROBERETFTHIC
BT, primary OB FICITRE R ORI E P 1
LHL, ThExEET <& TthsbL, secondary D
BRI EEFERVBRET LAY S D, Ca R3H
PEBRMORNE ER/NERETHS S

& ES

VU= SR AT vE=YAERILY vEES L
Ty ARERF LT IRPHEE ORI OWT, B
L O AT~

& z

1) BEEFROBID 5 BRI R L ABRER L Y
VEETH - Tohs, 13PINRERE S v vy AR GRS
E LT e SR SRS ORI D L Dhih
LR,

2) BESRA—RD ORYRER T, BEIIES
LIIER—TERCSE DM, A bh, MEEED
BRI BB RERE LB EE L bRk,

3) BEEH Yy REEHBRG LT RIS A T
BN B8R0 bh T, BIFAMU OB TR ME
BREDHOR, BRI LTy AMERCRLEI N b B
BECELICbDEEZ BRI,

4) F—W5 DEYHEG% primary infection sto-
ne &R, HODORL D BYHEHIL secondary
infection stone & IESNF DT, BRIBFCITF
MG CRRREEL ChxRETRETHS.
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