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Abstract 

A previous study of urinary stones by a 
combined electron microscopy demonstrated the 
potential of scanning electron microscopy and X- ray 
analysis as an analyt ic tool for urinary stones . 
Electron diffraction was chosen for the final 
confirmation of crystals in the study . Although 
electron diffraction is highly accurate for this 
purpose , it is desirab l e to establish the sensitivity of 
X-r ay ana lysis for the identific ation of stone 
components r elat iv e to the more commonly us ed 
methods . Eighty six consecutive urinary stones were 
analyzed by X-r ay analysis and the findings were 
compared with those of X-ray diffraction , infrared 
spectrometry and chemica l analysis . The results 
indicate that X-ray analysis exceeds X- ray diffraction 
and infrared spectroscopy in its sensitivity for the 
identification of stone components several fold. This 
was largely due to the inability of the latter methods 
to detect apatite in more than half of the apatite 
containing stones . The findings in X- ray analysis had 
the best correlation with chemical analysis , which was 
applied mainly to the detection of apatite . X-ray 
analysis is particularly suited for the detection of 
rare a nd minor inorganic components of urinary 
stones such as silica and gypsum , and is obviously one 
of the most powerful tools for the analysis of urin ary 
stones. Further application of X- ray a nalys is to 
urin ary stone is li kely to discern rar e inorganic 
components of urin ary stones overlooked by other 
methods. 

Key Words . Urin ary Stones, Scanning Electron 
Microscopy, X-r ay Analysis , X-r ay Diffraction, 
Infr ared Spectroscopy , Che.mica l Analysis. 
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Intr od uction 

Urolithiasis is highly prevalent . The prevalence 
of urinary stones in developed coun tri es ranges from 
4 to 15 % of the adult males (Ljunghall et al , 1980; 
Robertson et al , 1984 ; Sierakowski et al, 1978; 
Vahlensieck et al , 1982). The sto ne i ncidence in 
females is half as common . Medical care for each 
stone incident costs approx imat ely $2 ,00 0 in the 
United States . The projected costs of stone 
treatments of the entire national population of adult 
males are estimated to be $315,000,000 a year 
(Shust er and Scheaffer, 1984) . 

With the recent advances in technology , the 
surgical rem oval of many urinary stones is bei n g 
r ep laced by non-tr aumatic methods such as the shock 
wave lithotripsy (Chaussey , 1982) . For a stone which 
requires such remo val or for an acute urin a ry 
obstruction caused by a stone , its composition is not 
overly meaningful. The major threat of urolithiasis is 
r ather in its high recurrence rate. According to long 
term fo llowup studies, the recurrence rate of urinary 
stones exceeds 50 % among stone formers (Ljunghall 
et al , 1980) . As a result of the progress made 
recently in the field of the pathogenesis a nd the 
prevention of stone recurrences , the recurrence can 
now be prevented in some 50 % of stone formers by 
medical treatment (Scott and Lewi, 1984). Knowledge 
of the chemica l composition is essentia l for the 
treatment and the prevention of urinary stones . 

Of the various methods which have been 
attempted to analyze urinary sto nes , those currently 
in corn mon use are polarization microscopy , chemical 
analysis , X-r ay diffraction, infrared spectroscopy , and 
sca nnin g electron microscopy . The methods va r y in 
their sensitivity and reliability. P olarization 
microscopy measures the optical properties including 
the r efractive index of a crystal. To experienced 
use r s , its accuracy is nearly as good as X-r ay 
diffraction (Prien, 1974) . However, interpretation of 
its results is frequently difficult a nd requires a 
special training. X-r ay diffraction measures the 
int erpla na r spacings characteristic of each crystal. 
Because of the similarity of the interplanar spacings 
a nd intensities of the reflections in the dif fraction 
patte rns of various components of urinary stones, the 
method frequently fa ils to detect minor components 
(Beeler et a l, 1964; Lagergre n l.956; Otnes and 
Mont g om e r y , 1980; Poll ack a nd Carlson, 1969; 
Schneider, 1973; Sutor et al, 1971). Apatite com posing 
less than 10 % of a stone is as a rul e overlooked by 
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the method. In view of its convenience and its ability 
to compensate for some of the deficiencies of 
crystallographic techniques, infrared spectrometry has 
gained an increasing acceptance in the last decad e 
(Takasa ki, 1971; Lloyd a nd Oldroyd, 1983). However, 
the method also has similar limit a tions in its 
sensitivity in the detection of minor components; as 
much as 20 % of uric acid and struvite in a ston e 
!!lay be overlooked by the method (Pollack a nd 
Carlson, 1969). Thus, there is not yet a satisfactory 
method for the a nalysis of urinary stones, and, 
therefore, two or more methods a re commonly used 
together. 

SEM and X-ray Analysis Of Urinary Stones 

In spite of its potential adva ntages, there have 
been r ather limited a pplic at ion s of X-ray analysis to 
urinary stones (Ch am b e rs et al, 1972: Hesse et al, 
1979; Kim, 1979, 1982; Leusmann, 1983, Rodgers, 1981). 
As a result of increasing utiliz at ion of scanning 
electro n microscopes for the study of urinary stones, 
the potential of scanning electron microscopy (SEM) 
and X-r ay analysis (X A) as a diagnostic tool for stone 
a nalysis has gradually become apparent (Kim, 1983b). 
Furthermore, when SEM morphology of the stones was 
tested for its accu r acy in the analysis of 100 
co ns ecutive urinary stones, more than 95 % of 
common stone components were identified by those 
who had no previous expe ri e nc e in this field but who 
had received on l y a few hours of training. The data 
indicated further a strong potential of the SE M as a 
too l for the analysis of urinary stones (Ki m et al , 
1984). 

Because of a possible involvement of subjective 
judgments in the morphological int e rpret a tions and 
the tende nc y of crystals to form multiple crystal 
habits , SEM is not yet accepted as a routine method 
of sto ne analysis . Howeve r, SEM has been utilized as 
an auxiliary method and has been shown to have a 
special p l ace in stone analys is (B erg and 
.Szabo -F oeldva ri, 1982; Dosch a nd Koester, 1975; 
Cifuentes Delatte , 1983; Kim, 1982). The 
subjectiveness of SEM in stone a nalysis is readily 
compe nsated by a simultaneous applicatio n of XA. 
The demonstratio n of elemental contents within 
seconds in a crystal visua liz ed by SE M is uniqu ely 
suited for the ana lysis of urinary stones. Combined 
with the SE M morphological characteristics of the 
crystalli ne as well as non-crystalline components of 
the stones, X A multiplies the accuracy of the method 
in the analysis of these co ncreme nts. Furthermore, 
the method has many advantages, inc luding i ts 
minimal sample pr epa r ation , use of sma ll specimen 
sample, expeditio usness, eco nomy, the ability to 
observe the spatial relationships of th e stone 
components a nd to detect non-crystalline co mponen ts 
of urin ary stones (Kim, 1982; Kim and Johnson, 1981; 
Kim et al, 1984). 

Methods of Stone Preparation for SE M 

In previous ap plic ations of X-ray analysis to the 
a nalysis of urinary stones, the stones have been 
emb edded in araldite, cut with a saw and the surf a ce 
polished (Chambers et al, 1972; Rodgers, 1981). The 
polished surfaces of the stones are perhaps better 
suited for the concentration mapping of the elements. 
Howe ve r, the specimen preparation is more time 

1240 

consu ming a nd yields two dimensional im a ges, thus 
eliminating the main advantage of SE M, imaging of 
the three dimensional morphology. Simple cracking of 
the stones eliminates the problem and reduces the 
cost of specimen preparation significantly (Kim et al, 
1984). Because of the cohesive property of crystals, 
fr act ure of the stones preserves their three 
dimensional morphology. 

Stones in this study were cracked with a razor 
blade and ham mer, glued onto aluminum stubs using 
carbon conductive glue and sputter coated with either 
carbon, aluminum, silver, or gold. In order to ensure 
a n entire examination of the stone components, 
representative fragments of stones were mounted with 
the fractured surfaces up under a dissecting 
microscope. Certain crystals, particularly scanty 
weddellite, tend to develop on the natural surface of 
the stone. For such stones, additional fragments were 
mounted with the natural surfaces up. Carbon coating 
has a theoretical advantage since it does not add a 
detectable element to the samples to be analyzed by 
XA. However, carbon or aluminum coating is 
inconvenient to use for the following reasons; both 
are more time consuming, frequently cause a 
charging effect, and mak e it very difficult to 
photograph the samples. The spectrum of gold 
overlap:; the phosphorus peak and is not suited for 
XA of those stones containing small amounts of 
phosphorus. Silver coating is thus the method of 
choice for X A of urinary stones (Leusm ann, 1983). 
Scanning electron microscopy and x-ray analysis wer e 
performed using an ETEC Autoscan scanning 
microscope equipped with a Kevex d etector and a 
Tracor Northern NS880. 

It is very time consuming and costly to scan 
an d analyze an entire stone at high magnifications. 
Fortunately, the components of urinary stones occur 
in patches a nd layers, which minimize the need for 
a n exha usti ve a nalysis. X A of an entire stone at a 
low magnification and a few representative crystals 
at higher magnifications are usually sufficient (Fig • 
1). It usually requires l ess than 15 minutes to 
complete XA, includi ng photographic recordings of a 
sto ne. X A is the only method which allows us to 
identify discrete crystals at desired magnifications 
and is one of the most powerful tools available for 
the study of urinary stones. 

X A of Urinary Stones 

In a n attemp t to esta blish electron microscopic 
c riteri a for identification of the com position of 
urin ary stones, a few hundred urinary stones were 
exam ined by combined electron microscopy, i.e., SEM, 
X A, transmission electron microscopy (TEM), and 
electron diffraction (ED). SEM combined with XA was 
most suitable for the purpose. TEM was used mainly 
to locate the crystals by their recognizable 
silhouettes. The combined method enabled us to 
perform ED of crystals observed by SE M under 
direct vision in a TE M. Simultaneous applications of 
XA and ED to the samples in an analytical STEM 
further facilitates an identification of crystals 
observed by SE M. Prior knowledge of the elemental 
contents of a crystal significantly reduces the time 
a nd effort needed for analysis and multiplies the 
acc uracy of crystal identification by ED. 

Since X A is applied to the stone components 
identified by SEM, some knowledge of crystal 
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Fig. la. A hackly fracture surface of a 
whewellite stone. The area marked by an arrow 
contained calcium a nd phosphorus. 
Fig. lb. X-ray analysis of the rectangular area in 
Fig. la shows a tall peak of calcium and a small 
peak of phosphorus. 
Fig. le. A closer view of the area marked by an 
ar row in Fig. la. Amid the tabular crystals of 

morphology is required. The morphology and elemental 
contents of crystals commonly encountered in urinary 
stones are listed in table 1. Readers are referred to 
other reviews for further details of the crystal 
morphology (Berg and Szabo-Foeldvari, 1982; Cifuentes 
Delatte, 1983; Dosch and Koester, 1975; 
Kim et al., 1984). 
Calcium Oxalate 

Two forms of calcium oxalates occur in urinary 
stones, monohydrate (whewellite) and dihydrate 
(weddellite). The higher incidence of the monohydrate 
can be attributed to its greater stability in urine. 
However, the relat i vely high incidence of the 
dihydrate in crystalluria and urinary stones is not yet 
fully explained. 

One of the major prob l ems in X A of urinary 
stones is its inability to distinguish the two hydrates 
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whewellite, a small cluster of apatite is seen 
(arrows). Crystals in urinary stones occur in 
clusters and layers enabling an expeditious analysis of 
urinary stones by X-ray analysis. 
Fig. ld. X-ray analysis of the area marked by arrows 
in Fig. le yields the peaks of calcium and 
phosphorus. Such scanty calcium phosphate in a stone 
is usually overlooked by X-ray diffraction and 
infrared spectroscopy. 

of calcium oxalate. Fortunately, both hydrates have 
highly characteristic crystal habits. Occasionally 
described pseudomorphism of the bipyramid shaped 
crystals causes some concern (Berg et al, 1979). The 
pseudomorphism may be due in part to the partial 
transformation of weddellite into whewellite, complex 
mutual growth of weddellite and whewellite (Kim and 
Johnson, 1981), and certain similarities of the two 
hydrates at the light microscopic level (Kim et al, 
1984). The extent of such pseudomorphism is probably 
very limited and is mainly of academic interest. 
Calcium Phosphates 

Six types of calcium phosphates are known in 
the human body; calcium hydroxyapatite, carbonate 
apatite, brushite, whitlockite, octacalci u m phosphate 
(OCP), and amorphous calcium phosphate (ACP). 
Although it is theoretically possible to distinguish 



KM Kim, H B Alpaugh, F B Johnson 

Table 1. Crystals Encountered in a Series of 
Combined EM Study of Urinary Stones. 

Crystal Names Habits Elemental 
contents 

Whewelli te Tabular Ca 

Weddelli te Bi pyramids Ca 

Apatite Needles and Plates Ca, p 

Brushi te Arrowheads Ca, p 

Whi tlocki te Laminated Spherules Ca , p 

Struvite Trapezohedral Mg, p 

Uric Acid Polymorphic None 

NH4-urate Pincushions None 

Sodium Urate Acicular Na 

Cystine Hexagonal Plates s 

Gypsum Sphenoid s, Ca 

Silica Anhedral Leaf Si 

Na-Phosphate Empty shells Na, p 

each calcium phosphate by the Ca: P ratio derived 
from its stoichiometry; such is not the case in 
practical X A for the following reasons. The Ca:P 
ratio of a particular calcium phosphate in any single 
stone as determined by X A te nd s to vary 
significantly . This appears to be due mainly to the 
variations in the angular relationships between the 
incidental electron beam , the crystal surface, a nd the 
detector. Crystals in nature , rarticularly biological 
crystals, a re seldom , if ever , ideal. A variety of 
crystal defects and substitutions of the lattice ions 
are known to occur. l"urthermore, calcium phosrhates 
as well as other phosphates are frequently mixed in 
the same stone and the coexistence may further 
disturb the Ca:P ratio. 

Although O C P has been described in urinary 
stones, the morphology of naturally occurring O C P 
has yet to be portrayed. Synthetic O C P is either 
blade shaped or columnAr (LeGeros et al , 1984). 
Amorphous calcium phosrhate with the stoichiometry 
of tricalcium phosphate has been described in 
calcified tissues and urinary sediments (Ean e s et al , 
1965; Cifuentes Delatte, 1983). Presumably because of 
the difficulty in detecting AC P, its presence in 
urinary stones has not been conclusively 
demonstrated. Brushite, having a highly characteristic 
arrowhead shaped morphology, can be readily 
identified by SEM (Dosch and Koester, 1975; Kim, 
1982). Whitlockite is rather rare in urin3ry stones. 
M ultilayered concentric l aminations aprear to be 
characteristic of whitlockite (Kim, 1982). Blade shaped 
and cubic whitlockite has been described as well 
(Dosch and Koester, 1975; Kim , 1983a; Santos and 
Gonzales Diaz, 1980). Thus, even without the Ca:P 
ratio, the distinction of various calcium phosphates in 
most urinary stones is possible by SEM and X A. 
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However, XA is unable to distinguish hydroxyapatite 
from carbonate apatite. More work is needed in the 
morphological characterization of rare calcium 
phosphates, i.e., AC P, O C P and w hitlockite. 
Struvite 

Struvite is one of the largest crystals and is 
easily recognized by its trapezohedral or coffin-top 
shape. Even when the crystal is partly buried in a 
stone, it can be identified by the characteristic 
Y-shaped cracks on the crystal surface. Struvite 
yields Mg a nd P upon X A, which has led to the 
estab lishment of its morphological criteria (Kim, 
1982). Struvite always coexists with ap-'ltite, since 
both crystals share similar optimum pH ranges for 
their precipitations; no exception has yet been 
encountered in the EM series. Newberyite and 
ammonium magnesium phosphate monohydrate have 
been described but are very rare. Needle shaped 
ammonium magnesium phosphate m onohydrate was 
observed in a canine urolith (Cheng et al, 1981). The 
morphology of newberyite is, thus far, unknown. 
Uric Acid and Orates 

Of all the components of urinary stones, the 
identific-'ltion of uric acid poses a particularly 
difficult problem. A small amount of uric acid is 
commonly overlooked by X-ray diffraction as well as 
infr ared spectrometry. Uric acid is also the most 
difficult crysta l to identify by X A and SE M, since 
the crystal does not contain identifiable elements. 
Furthermore, uric acid crystals are very polymorphic; 
equant, columnar, prismatic, fibrillar, tabular, and 
blade shaped uric acid crystals have been described 
(Kim, 1982; Kleeberg et al , 1981). One of the major 
problems in the SEM identification of uric acid is its 
remarkable similarity to whewellite (Kim et al, 1984). 
X A distinguishes these two crystals within seconds . 
By exc lusion of crystals containing inorgan i c 
elements, uric acid thus can be ioentified with a high 
degree of accuracy by SE M. It is noteworthy that X A 
of uric acid crystals frequently yie.lds elements which 
are not members of the lattice ions of crystals in 
urinary stones such as K, Al, Cl , and S. The 
relationship between these elements and uric acid is 
not yet known. Two different types of uric acid , 
anhydrous and dihydrate, occur in urinary stones. The 
distinction of the two currently requires 
crystallography. 

Two uric acid salts occur in urinary stones , 
ammonium acid urate and sodium urate. Both crystals 
have characteristic crystal habits. Ammonium acid 
urate is recognized by its pincushion shaped 
appearance and does not contain detectable elem en ts 
by XA (Ambruster, 1979, Kim, 1982). Sooium urate 
occurs very rarely and only two cases have been 
encountered in this series . Crystals of this component 
are very long and slender with rinacoid tips (Kim, 
1982). The crystals were arranged loosely and 
haphazardly in urinary stones. Presumably because of 
the loose arr,3ngement of the crystals and lower 
sensitivity of XA to this ele'!lent , sodium in the 
crystals was difficult to detect. 
Gypsum 
---G-ypsu m is so rare that its rresence in urinary 
stone has been questioned. However, X A has 
unequivocally demonstrated crystal clusters containing 
Ca and s in two stones which were subsequently 
confirmed to be gypsum by electron and X-ray 
diffractions. Gypsum crystals are sphenoidal in 
appearance which are formed by the stacking of 
lamellar crystals (Kim, 1982). 
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Cystine 
The hexagonal plate shape of cystine crystals 

has been reported (Fuss et al , 1976). However, two of 
the cystine stones in this series yielded rectangular 
plates as well. X A of cystine stones yields a 
surprisingly tall peak of sulfur (Kim, 1982). 
Silica 

One of the advantages of X A is its ability to 
detect any amount of crystalline and amorphous 
inorganic components , i.e ., silica in urinary stones. 
Silica calculi occur usually in patients taking 
aluminum trisilicate for the treatment of peptic 
ulcers. Thus far , l ess than 20 cases have been 
reported (Medina et al , 1981). However, XA of human 
urinary stones disclosed a relatively frequent 
occurrence of amorphous silica and crystalline silicon 
dioxide in human urinary stones (Alpaugh and Johnson, 
1984; Kim et al, 1983). Amorphous silica in urinary 
calculi escapes detection by X- ray diffraction. No 
other method currently in use is better suited than 
X A for the detection of such amo rphous inorganic 
components of urinary stones . 
Sodium Orthophosphate Hydrate 

A sodium phosphate stone deserves a comment 
sine-= it further illustrates t.'le high sensitivity of X A 
in the identification of inorganic components in 
urinary stones. Sodium phosphate crystal deposition in 
the hum an body has been virtually unknown . Because 
of its high - affinity for calcium, phosphate in 
mammals precipitates as calcium salts with the 
exception of struvite in urinary stones. A stone 
containing Na and P was netected by XA and was 
subsequently id-=ntified as sodium orthophosphate 
h;tdrate (Na 3 Po 4 .12H 2 O) (Kim et al, 1985). The 
dLSCovery of a new type of stone in a small series of 
stone analyses further demonstrates the high 
sensitivity of X A for the identification of rare or 
scanty inorganic components of urinary stones. 

Comparison of XA with Other Methods 
of Stone Analysis 

The confirmation of the crystalline components 
of a few hundred urinary stones studied by a 
combined EM has been accomplished by ED. Although 
ED is highly accurate in crystal id e ntification, the 
method is not generally utilized for the analysis of 
urinary stones. Since it is desirable to establish the 
sensitivity of X A for the analysis of urinary stones 
relative to other commonly used methods, the results 
of 86 additional urinary stones analyzed by SEM and 
XA were compared with those obtained by X-ray 
diffraction (X RD), infrared spectroscopy (IR), and 
chemical analysis. X RD, IR, and chemical analysis 
were performed independently at a separate 
institution. X-ray powder diffraction was performed 
routinely using a Diano Semiautomatic 
Diffractometer, Model XRD 8535 (Diano Corp., 
Woburn, Mass). When the results were questionable, 
an additiona l diffraction using a D ebye-Sherrer 
diffraction camera a nd infrared spectroscopy with a 
Perkin Elmer 727 Infr ared Spectrometer using the 
KBr pellet technique were app lied. Forty three stones 
were cracked and analyzed first by XA and SEM and 
the r emaining 43 stones by X RD. Unused portions of 
the stones were exchanged between the two 
institutions. Upon completion of the studies, the data 
were similarly exchanged . Chemical analysis and IR 
were applied mainly to those stones for which the 

1243 

Table 2 . Comparison of 86 stones Analyzed by 
X-ray .Analysis (XA) and X-rciy Diffraction (XRD). 

Total Missed by 
Incinence by 
XA + XRD --------------

Whewellite 53 

1-Jeddell i te 34 

Apatite 50 

Struvite 12 

Uric Acid 10 

NH4- urate 3 

Brushite 2 

Cystine 2 

Unidentified l 

Total 167 

Missed by - ---
XRD* srn+XA* 

--- - -- ---- -- -- ---

7 

8 

36** 

5 

4 

3 

2 

1 

66 

2 

5 

1 

1 

9 

* These are all minor components of the stones . 
** The presence of calcium phosphate was further 

confirmed by chemical analysis . 

disagreeing X RD and X A results were obtained. 
The comparisons of 86 stones analyzed by XA 

and XRD are listed in Table 2. Some of the minor 
discrepancies between the data acquired through the 
two different methods may be attributed to sampling 
erro rs. For instance, minor components of the stones 
may have been included only in the samples analyzed 
by X A or vice versa. We are in the process of 
confirming the occurrence of such sampling errors by 
exchanging the specimens subjected to the two 
different methods . Most crystals missed either by X A 
or X RD were only minor components of the stones. 
The missing of weddellite in two samples by SEM a nd 
X A may be attributed to the emphasis given to the 
fractured surfaces of the stones in this study . Only 
the fractured surface and adjacent natural surface of 
the stone were routinely examined by SEM and XA. 
Weddellite has a propensity to deposit on the surface 
of whewellite stones. 

It should be noted that the distinctions 
between weddellite and whewellite, apatite and 
brushite, and uric acid and its salts by SEM were 
made on the basis of the morphological criteria. 
Occasional p;;eudomorphism of weddellite described in 
the literature is ignored in this study. Brushite , 
ammonium urate and sodium urate are highly 
characteristic in their morphology . Although our 
preliminary study indicates a possible morphological 
disti nction between anhydrous uric acid and uric acid 
dihydrate, no such distinctions were attempted in this 
study. 

The study demonstrates that X A exceeds X RD 
in its sensitivity several fold. This is attributed 
mainly to the failure of detecting apatite by X RD in 
more than 70 % of the apatite containing stones. The 
presence of calcium and phosphate in these stones 
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Table 3. Comparison of 31 Stones analyzed by X-ray 
Analysis(XA) and Infrared Spectroscopy (IR). 

Total 
Incidence 

Whewellite 16 

Weddellite 7 

Apatite 20 

Struvite 9 

Uric Acid 6 

NH4-urate 3 

Cystine 1 

Total 62 

Missed 
IR 

4 

2 

12 

3 

2 

3 

26 

by Missed by 
XA+SEM 

1 

1 

was subsequently confirmed by chemical analysis. A 
significant finding of the data is the sensitivity of 
X A combined with SEM to the identification of uric 
acid and NH 

4
-urate, since the urates do not contain 

elements detectable by X A . Uric acid m :issed by X R D 
in four cases was also a minor component of the 
stones. The presence of uric acid was subsequently 
confirmed by chemical analysis and electron 
diffraction. 

Infrared spectroscopy was applied to 31 stones 
which had not been unambiguously identified by XRD 
(Table 3). Although limited in number, the results 
show again a higher sensitivity of XA compared with 
IR. IR frequently fails to detect small amounts of 
apatite and urate. The superiority of X A in the 
identification of the uric acid is rather surprising. In 
addition to calcium oxalates overlooked in 6 stones, 
IR was unable to specify the two different types of 
calcium oxalate in ten additional stones. Of the three 
methods compared with XA, the chemical method had 
the best correlation in the detection of small 
amounts of calcium phosphate (Table 4). 

Table 4. Comparison of 71 Stones Studied By X-Ray 
Analysis and Chemical Analysis.* 

Total 

Incidence 

Apatite 62 

Uric Acid 9 

Total 71 

Missed by 

Chem. Anal. 

2 

3 

5 

Missed 
by 
XA 

4 

4 

* These stones contained many other components. 
Since chemical analysis was performed specifical­
ly for apatite and uric acid, the other com­
ponents were not included. 
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Summary 

The results of this study, although sti ll 
preliminary, demonstrate that X A combined with SEM 
has a higher sensitivity than other com manly used 
methods in many areas of stone analysis . Of the 
specimen preparations for XA of urinary stones, the 
method described in this study, i.e. simple cracking 
followed by sputter coating, which requires only a 
few minutes of preparation time, is not only 
economical but highly accurate. A minor disadvantage 
of the method is its inferiority to the polishing 
method in the concentration mapping of elements, 
which is better suited for the quantitation of stone 
components. Although the quantitation of stone 
components was not attempted in this study, an 
objective quantitation using a computerized 
morphometry should yield highly accurate results. The 
method of XA described, namely X A of the entire 
specimen at a low magnification followed by analyses 
of the representative areas of the stone components 
at desired magnifications, is also highly accurate . 
This method takes less than 15 minutes on the 
average for the complete analysis of a stone. 

X A is particularly useful in the detection of 
minor inorganic components of the stones. For 
instance, no other met hod exceeds X A in its 
sensitivity to the detection of apatite and silica. The 
results also demonstrate a surprising accuracy of the 
method in the identification of organic crystals as 
well. It should be noted that the usefulness of SEM 
and X A in the identification of rare crystals, 
particularly organic crystals, remains to be 
ascertained. An extensive use of the method is likely 
to discover rare stone components overlooked or 
unidentified by other methods. 
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Discussion with Reviewers 

P-T. Cheng: What were the difficulties en­
counte red by X RD that prompted you to study those 
31 stones by IR (Table 3)? 
Authors : IR was performed to resolve the 
discrepancies frequently encountered between the 
results of X RD and X A. However, the results of IR 
frequently disagreed with those of XA combined with 
SEM as well. The accuracy of the X A results was 
eventually confirmed by chemical analysis (Table 4). 
D. Leusm a nn: Did you ever find Ca-oxalate 
trihydrate in your investigation? 
Authors: Calcium oxalate trihydrate occurs 
frequently in in vitro experiments and has been 
considered to be a possible precursor of calcium 
oxalate dihydrate and/o r monohydrate (Tomazic BB, 
Nancollas H: A study of the phase transformation of 
calcium oxalate trihydrate-monohydrate. Invest. Urol. 
16:329-335, 1979). The trihydrate has a polyhedral 
tabular habit with a propensity to form parallel 
stacks. Morphologically similar crystals containing 
only calcium by XA were occasionally encountered in 
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human stones . However , the trihydrate was not 
unequivocally identified by X D or ED . Possible 
difficulty of the crystallographic identification of the 
trihydrate due to its instability should be considered . 
D. Leusmann: Did you find any epitactic relationships 
between stone forming substances , and do you think 
that epitaxy plays a dominant role in the formation 
of urinary calculi? 
Authors: Epitaxy refers to a form of hetero­
geneous nucleation of a crystal occurring on the 
surface of another crystal , which approximates its 
atomic spacings to those of the newly seeded crystal. 
Certain similarities in the unit cell dimensions of 
crystals in urinary stones have frequently led to the 
belief that epitaxy predominantly accounts for the 
stone growth . Although surface nucleation of various 
crystals was frequently observed in urinary stones , it 
is not yet possible to determine the extent of epitaxy 
in the stones with the present state of the art. 
Furthermore , the crystal growth in urinary stones is 
too complex to be explained by such a simple 
phenomenon (Kim and Johnson , 1981, text reference). 
D. Leusmann : You mention hydroxyapatite and 
carbonate apatite as two different kinds of 
components. Do you think that these are possibly 
mixed crystals with different contents of carbonate? 
Authors : The determination of the degree of 
substitution of the lattice ions in apatite by 
carbonate or any other molecules is not an easy task. 
However , it has been known that apatite formed in 
carbonate-containing solutions in vitro is frequently 
'c arbonated . ' It is, therefore---;- conceivable that 
biological apatite is 'carbonated' to some degree. 
D. Leusmann: Were the cystine stones you analyzed 
pure or did they contain further components such as 
apatite? 
Authors: Every cystine stone examined by X A and 
SEM contained small amounts of apatite . We have yet 
to see an exception . 
D. Leusmann: After my knowledge and experience , 
nearly all substances occurring in urinary calculi are 
more or less altered by the electron beam during 
electron diffraction. Which beam current and tension 
did you use in your investigation to avoid the damage 
to the specimens? 
Authors: In view of the high voltage used in ED, 
some beam dam age to the samples is inevitable . 
However, by turning down the condensers and thus 
reducing the beam intensity , much of the damage can 
be avoided , and measurable diffraction patterns can 
be obtained in most cases . ED is routinely performed 
at an accelerating voltage of 80 kV and various 
cam era lengths. Poorly crystallized weddellite and 
urates are particularly difficult to determ ine by ED. 
G. M . Room ans: Would the use of the 'Statham - Sm all' 
method for quantitative x- ray analysis of particles (J. 
A. Sm all et al : Scanning Electron M icrosc. 1978; 
I:445 - 454 and P .J . Statham , J.B . Pawley : Scanning 
Electron Microsc . 197 8 ; I : 469- 478) be an 
improvement over the use of a simple ratio method 
in the analysis of the calcium phosphates? 
Authors : The quantitative X A methods , including 
those which are cited , may be useful to quantitate 
va riou s stone components. Th e methods , in my 
opinion , are of little value in identification of stone 
components because of the comEJlexity of the stones . 
G. M. Roomans: Would the use of a windowless ED 
detector, allowing light el ement detection, be of 
value in the analysis of stones? Alternatively, do you 
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see a use for EELS of sectioned crystals in analysis 
of stones? 
Authors : The windowless ED detector or any other 
light element detecting EM analytic method has a 
theoretical potential in the analysis of urinary stones . 
The sens iti vity a nd limitations of the method , 
however , remain to be determined . Our limited 
attempts to analyze organic components of the stones 
by wave length dispersive analysis have not been 
rewarding . Energy loss spectroscopy of sectioned 
crystals certainly has a place in stone research. 
However , any method which involves thin sectioni ng 
is difficult to apply to a large number of stones . It 
is also noteworthy that various solutions used in 
embedding tend to dissolve stone components . 

A. Rodgers : You have commented that one of the 
major problems in X A of urinary stones is its 
inability to distinguish the two hydrates of calcium 
oxalate . What scientific or clinical significance is 
attached to such ability? 
Authors : One of the most extensively studied but 
still unsolved prob lems in urolithiasis is the relatively 
high incidence of calcium oxalate dihydrates , whereas 
the dihyd r ate is known to be less stable than the 
monohydrate . In fact , the precipitation and growth of 
the pure dihydrate in vitro is extremely difficult. 
Successful eliminationofthe mechanism of the 
nucleation and growth of the dihydrate in urinary 
tract will undoubtedly be a major breakthrough in 
this field. 
.A. Rodgers: Is there likely to be any morphological 
difference between hydroxy - and carbonate-apatite? 
Authors: Synthetic carbonate apatite was shown to 
be vacuolated by TEM (LeGeros RZ , Trantz OR , 
LeGeros JP (1967) Apatite crystallites: Effects of 
carbonate on morphology. Science 155:1409-1411) , 
whereas hydroxyapatite is known to be needle or 
lamellar shaped . Thus far , the distinction of the two 
apatites by SE M has not been possible . 
A. Rodgers : How do the characteristic Y-shaped 
cracks on the surface of struvite crystals originate? 
Authors : The Y-cr acks of struvite result from the 
cyclic twinning growth of hexagonal columns. 
Cleavage planes of trapezohedral struvite crystals 
frequently display stacks of hexagonal columns (Kim, 
1982, text reference). 
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