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The value of radiology in predicting gallstone type
when selecting patients for medical treatment
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SUMMARY Since medical treatment of gallstones is confined to cholesterol-rich stones, the ability
of clinical radiographs to predict gallstone type was tested prospectively by comparing the pre-
operative radiological appearance of gallstones from 57 unselected patients with cholelithiasis
coming to cholecystectomy with the subsequent analysis of the stones both by x-ray diffraction
and by chemical techniques. Fifty-two per cent of the patients had ‘non-functioning’ gallbladders
which failed to opacify after at least two contrast examinations and 25 out of 50 had radioopaque
stones. Of the 25 patients with radiolucent stones, the stones in 20 (809;) were predominantly .
cholesterol in type but radiology was misleading in five; three contained 40-559%; calcium salts but
were still radiolucent while two were amorphous and contained < 109, cholesterol by weight on
chemical analysis. While radiology was sometimes misleading when the stones were small and
irregular, large radiolucent stones with a smooth profile were invariably chloesterol-rich stones.
The results also show that in men calcified stones were commoner than in women and that in older
women the gallstones contained more calcium salts and less cholesterol than in younger women
< 50 yr). This paper analyses critically the value and limitations of clinical radiology in pre-

dicting gallstone type.

In the past two years, studies from the Mayo Clinic
(Thistle and Schoenfield, 1971 ; Danzinger, Hofmann,
Schoenfield, and Thistle, 1972 ; Thistle and Hofmann,
1973), our own unit (Bell, Whitney, and Dowling,
1972a; Mok, Bell,and Dowling, 1974), and elsewhere
(James, Cullen, and Bouchier, 1973; Hofmann and
Paumgartner, 1974; Beker, 1974; Coyne, Bonorris,
Goldstein, Lahana, and Schoenfield, 1974; Moeckel,
1974) have shown that treatment with oral cheno-
deoxycholic acid (CDCA) improves cholesterol
solubility in bile and, as a result, dissolves choles-
terol gallstones. However, preliminary results suggest
that CDCA is ineffective for calcified radioopaque
stones (Bell et al, 1972a; Thistle and Hofmann,
1973) and to date there is no known way of ‘dis-
solving’ non-cholesterol gallstones containing
calcium salts and bile pigments (Sutor and
Wooley, 1973, 1974a and b). The selection of
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patients with gallstones suitable for dissolution
therapy is therefore of considerable importance. At
present, this selection is based on the radiological
appearance of the stones, both on plain radiographs
and at cholecystography, but surprisingly little is
known about the accuracy with which the composi-
tion of any given gallstone may be predicted from
clinical radiographs.

In this prospective study, we have correlated the
preoperative radiological appearance of gallstones
from 57 patients undergoing elective cholecystectomy
with the composition of the stones, removed at
operation, as measured both by x-ray diffraction and
by chemical analysis. We have also examined the
influence of age and sex on the type of gallstone
present. This paper reports our findings.

Materials and Methods

THE GALLSTONES
Gallstones were obtained from 57 patients (42
women and 15 men; mean age 50-9; age range 25-86)
undergoing elective cholecystectomy. Apart from the
clinical indications which led to surgery, patients
were not selected.
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The stones from all 57 patients were analysed by
x-ray diffraction. In 50 of these patients clinical
radiographs were available for comparison. In addi-
tion, the stones from 50 of the 57 patients were
analysed chemically, and, of these, clinical radio-
graphs were available in 47.

X-ray diffraction

The gallstones were soaked in 10%; aqueous formalin
for 24 hours, washed well with water, and air dried.
They were then cut in half and, where possible,
samples taken from the nucleus, interior, and surface
of the stone for analysis by the x-ray powder method
(Sutor and Wooley, 1969; 1971). This method has
shown that the following crystalline compounds can
be identified in gallstones—cholesterol monohydrate
and two forms of anhydrous cholesterol, three forms
of calcium carbonate (aragonite, vaterite, and
calcite), two of calcium phosphate (apatite and whit-
lockite), and calcium palmitate. The technique cannot
usually be used to identify amorphous material. Its
accuracy varies considerably depending on the type
of stone analysed but in our hands, the maximum
variation was estimated to be + 129%.

Chemical analysis
The split gallstones were finely ground with a pestle
and mortar, and the resultant powder dried at 50°C
for seven days. After thorough mixing, 20 mg ali-
quants of the dried powder were extracted with 3 x
15 ml washes of acidified chloroform:methanol
(2:1 v/v) and the volume of the pooled extracts made
up to 50 ml with the extraction mixture. Pilot studies
were then carried out to see whether or not it was
necessary to split and separate the phases in the
chloroform:methanol mixture before the cholesterol
estimations. In the first eight samples, either 2-:5 ml
of the ‘unsplit’ chloroform:methanol mixture was
evaporated to dryness in a rotary evaporator and the
residue redissolved in 0-5 ml glacial acetic acid, or
the phases in the mixture were first split by adding
209% by volume water, before taking the 2:5 ml
aliquant from the chloroform phase for processing
as above. The cholesterol content, estimated with
the modification by Carr and Drekter (1956) of
the method of Abell, Levy, Brodie, and Kendall
(1952) in the glacial acetic acid extracts, was
essentially the same in both methods (74:3 + 10-5%
in the unsplit extracts compared with 74-1 + 10:6%
in the chloroform phase only). For this reason, the
cholesterol content of all the remaining stones was
estimated in the unsplit, chloroform:methanol ex-
tracts and the percentage cholesterol by weight in the
dried powdered stones calculated. This method was
modified from that described by Nakayama (1968).
When the reproducibility of the method was also
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checked with duplicate determinations on eight
samples analysed on two separate occasions, the
coefficient of variation was 2-14%;.

Clinical radiology

Of the 50 patients whose clinical radiographs were
available, three had only plain radiographs of the
gallbladder area, while 47 had oral cholecystograms,
and, in some cases, intravenous cholangiograms.
Gallbladders which opacified and contracted well in
response to a fatty meal were considered as ‘function-
ing’ while those which failed to opacify after a
minimum of two contrast examinations were classi-
fied as ‘non-functioning’. Before knowing the results
of the stone analyses, the radiographs were examined
by one of us (B.W.) and the gallstones classified as
radiolucent or radioopaque. The radioopaque stones
were then subclassified on an arbitrary scale from +
for stones which were only very faintly opaque to
+ + + + for stones which were densely calcified:
radiolucent stones were graded as 0. -

Although the main purpose of this paper was to
examine the reliability of clinical radiographs in pre-
dicting the composition of a given gallstone, the
results have also provided information about the
chemical and crystallographic composition of gall-
stones in a relatively unselected population of
patients and about the influence of age and sex on
the type of gallstones found. These data are pre-
sented first before comparing the results obtained
with the different methods.

Results

GALLSTONE COMPOSITION BY X-RAY
DIFFRACTION

Crystalline composition of the gallstones

The results of the x-ray diffraction studies are shown
in table I. The mean weighted percentage composi-
tion (Sutor and Wooley, 1971) of cholesterol in the
gallstones from the 57 patients was 63-4 (+ SEM
5-0)% of the total crystalline material. Calcium salts
made up 31-8 (+ 4-6) % and the remaining 4-8 9, was
amorphous material. Calcium carbonate contributed
54-79%; of the total calcium salts, calcium phosphate
39-3, and calcium palmitate only 6%.

In general, gallstones from women contained more
cholesterol than those from men, while in younger
women (aged less than 50 years) the gallstones con-
tained approximately 159 more cholesterol than
did the stones in the older female group. This 15%
difference was partly due to lesser amounts of
calcium salts, but was mainly due to the fact that in
the older women the stones contained 109, more
amorphous material (table I).
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Group Number  Crystalline Calcium Carbonate Calcium Phosphate Calcium Amorphous material
Cholesterol Compounds Comp ds Palmi (%) (approximate
values)
Men and women 57 634 + 50 174 + 33 12-5 + 40 119 + 08 4.8
Men 15 59:4 + 10-1 161 + 66 153 + 82 23 + 19 66
Women 42 649 + 58 179 + 3-8 11-5 + 46 16 + 09 4-1
Women < 50 yr 25 711 £ 67 195 + 52 80 + 47 113 + 10 01
Women > 50 yr 17 557 + 10-0 154 + 53 16-8 + 8-8 21 4+ 17 10-0

Table I Crystalline composition of gallstones from 57 patients as determined by x-ray

+ SEM)

The predominance of different gallstone types

While table I shows the relative proportions of the
different crystalline substances present, table II
shows the types of gallstones which were classified
arbitrarily as pure cholesterol stones (> 95 % choles-
terol), mixed stones (containing different forms of
cholesterol, calcium salts and bile pigments) which
have been subdivided into cholesterol-rich stones
(> 70% of cholesterol) and stones containing
< 70% cholesterol; stones of calcium salts, and
amorphous stones.

Taking the results for men and women together,
609, of the stones were predominantly cholesterol in
type, 23%, were mixed stones containing less than
70% cholesterol, while 14 %; of the stones were made
of crystals of calcium salts. Considering the findings
for the various subgroups separately, there were
almost twice as many calcium-rich stones in men as
in women, while in the older women, both amor-
phous stones and stones of calcium salts were com-
moner, although these observations are based on
small sample numbers.

CHEMICAL ANALYSIS

Predominance of cholesterol-rich stones

Sixty-eight per cent of the 50 stones analysed
chemically contained more than 709 cholesterol by
weight.

Comparison between cholesterol content of stones
measured both chemically and by x-ray diffraction
Taking the results for all 50 stones together (includ-

liffraction (mean values

Q

ing those for mixed stones and for stones of calcium
salts, as defined by x-ray diffraction), the mean
cholesterol content, measured chemically, was 72-7
(£ SEM 5-3)% by weight, compared with 68:3 +
5-09%; when the same 50 stones were analysed by the
diffraction technique. The correlation between the
results of analyses of these 50 stones by the two
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Fig 1 Relationship between the cholesterol content of

50 gallstones as estimated both chemically and by the
x-ray diffraction technique (see text). The broken 45° line
is the line of identity showing that the amount of
cholesterol estimated chemically was generally greater
than that found by the diffraction method.

Group Total Gallstone Type
N3 h,
‘Pure’ Cholesterol  Mixed Stones Stones of Amorphous
(> 95%) Stones Calcium Salts Stones
> 70% Cholesterol < 70%, Cholesterol
Men and women 57 20/57 (35'1%) 13/57 (22-8%) 13/57 (22-8%) 8/57 (14-0%;) 3/57 (5:3%)
Men 15 4/15 (26:7%) 5/15 (33-3%) 2/15 (13-3%) 3/15 (20:0%) 1/15 (6:7%)
Women 42 16/42 (38:1%) 8/42 (19-0%) 11/42 (26:2%) 5/42 (11:9%) 2/42 (4-8%)
Women < 50 yr 25 11/25 (44-0%) 5/25 (20-0%,) 8/25 (32:0%) 1/25 (4-0%) 0/25 (0:0%)
Women > 50 yr 17 6/17 (35:3%) 2/17 (11-8%) 4/17 (23-5%) 3/17 (176 %) 2/17 (11-1%)

Table Il Frequency of different types of gallstones as determined by x-ray diffraction!

1The amorphous stones were recognized by the absence of a powder diffraction pattern although they do yield a non-powder ‘amorphous’

diffraction pattern.
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methods is shown in figure 1. There was reasonable
agreement between the two techniques, particularly
for the ‘pure’ cholesterol stones. In the case of mixed
stones, however, the amount of cholesterol estimated
chemically was generally greater than that measured
by x-ray diffraction, while stones which contained no
cholesterol, as defined by the crystallographic tech-
nique, contained as much as 5-109; cholesterol on
chemical analysis. Because the results of these x-ray
diffraction studies were not accurately quantitative,
it was not possible to determine a correlation
coefficient between the results obtained using the
two analytical methods.

PREDICTION OF GALLSTONE TYPE BY CLINICAL
RADIOGRAPHS

Relationship between the radioopacity of gallstones
and their x-ray diffraction analysis

The comparison between the arbitrary grading of
radioopacity (from clinical radiographs) with the
x-ray diffraction analysis in 48 of the 50 gallstones!
so studied, is illustrated in figure 2. As indicated by
the double abscissa, the x-ray diffraction studies
showed that there was a roughly reciprocal relation-
ship between the percentage of calcium salts and the
percentage of crystalline cholesterol in the individual
stones. Surprisingly, half of the 50 stones were radio-
opaque and, in general, the greater the percentage of
calcium salts, the more radioopaque were the stones.
Conversely, the majority (but not all) of the radio-
lucent stones were rich in cholesterol with little or no

'Two of the 50 stones contained only amorphous material and
therefore did not yield a powder diffraction pattern.
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Fig 2 Relationship between the radioopacity of 50 gall-
stones, as assessed by clinical radiography and graded
arbitrarily on the ordinate from 0, radiolucent, to

++ 4+, densely radioopaque, and the percentage of
calcium and cholesterol in the stones shown as reciprocals
on the double abscissa.
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calcium salts. Of the 25 radiolucent stones, 20 con-
tained more than 709, cholesterol, but in five, any
assumption that radiolucent stones may be equated
with cholesterol-rich stones would have been mis-
leading. Three of these stones contained between 40
and 559 calcium salts, while the two amorphous
stones contained less than 109, cholesterol on
chemical analysis.

Relationship between radiolucency of gallstones and
their cholesterol content as measured chemically

Of the 47 patients in whom both clinical radiographs
and chemical analyses of stones were available, 24
stones were radiolucent and 23 radioopaque. The
mean cholesterol content of the radiolucent stones
was 862 + SEM 5-29; (range 6-100) compared with
59-0 + 7-3% (range 3-98) in the radioopaque group
and this difference was statistically significant (t =
3-:07; p < 0-025).

GALLBLADDER FUNCTION AND GALLSTONE
TYPE

In this particular series of 47 patients, who came to
surgery and who had had both oral cholecystograms
and/or intravenous cholangiograms, only 22 (47 %)
had radiologically ‘functioning’ gallbladders and of
these 22 patients, only nine had radiolucent gall-
stones.

Discussion

Since the successful treatment of cholelithiasis with
CDCA seems confined to cholesterol-rich gallstones,
the ability to select patients with this type of stones
is obviously of considerable importance. Indeed,
when gallstone dissolution was studied in vivo, in bile
fistula rhesus monkeys, the rate of dissolution seemed
proportional to the cholesterol content of the stones
(Bell, Sutor, Whitney, and Dowling, 1972b). The
results of the present paper suggest that clinical
radiographs provide a reasonably reliable, but not
completely accurate, indication of the type of gall-
stone present. It seems that about one patient in five
with radiolucent stones has gallstones which are not
predominantly cholesterol in type. This 20% in-
cidence of ‘false positives’ was mainly found in
patients with small, irregular, radiolucent stones
which subsequently proved to be non-cholesterol-
rich stones; large radiolucent stones with a smooth
contour were invariably cholesterol-rich stones.
There have been few other studies relating the
radiological appearance of gallstones to their sub-
sequent analysis. Since our preliminary report on
this subject (Bell, Sutor, and Dowling, 1973),
Trotman, Petrella, Soloway, Sanchez, Morris, and
Miller (1974) have also compared preoperative
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clinical radiographs with post-cholecystectomy analy-
sis of gallstones from 79 patients. They showed that
19% of 63 radiolucent gallstones were non-
cholesterol in type—a figure which agrees well with
the present study—while four of 16 radioopaque
stcnes were cholesterol in type. Based on studies for
up to 25 years, Wolpers (1974) has also defined the
radiological criteria for distinguishing between
cholesterol and pigment stones.

In general, the present study shows that there was
close agreement between the results obtained by the
two techniques used to measure the cholesterol con-
tent of the gallstones. However, the values for the
percentage of cholesterol measured chemically were
usually slightly higher than those estimated by x-ray
diffraction, and this was particularly true for stones
of mixed composition which contained appreciable
amounts of calcium. There are several possible
reasons for this apparent discrepancy. First, the x-
ray diffraction technique measures only crystalline
material, and therefore in stones which contain
amorphous cholesterol, the crystallographic tech-
nique underestimates the amount of cholesterol
present. Second, only a few milligrams of material
are used in the powder method, but to minimize any
possible sampling error, several such samples were
selected so as to be representative of the composition
of the stone as determined by microscopic examina-
tion. However, not all of the stone was crushed and
examined, and hence some constituents might
occasionally be missed. Third, in mixtures of calcium
salts and cholesterol, the calcium salt absorbs the
diffracted rays of cholesterol and vice versa, but the
interference by calcium salts is very much stronger
than that caused by cholesterol. For this reason, in
the presence of calcium salts, small amounts of up
to 5 to 7% of cholesterol may not be detected by the
diffraction technique. It must also be remembered
that the two analyses were performed either on
different halves of the same stone or on ‘sister’ stones
and are therefore subject to another sort of sampling
error.

The 509 incidence of radioopaque gallstones
found in the present study is considerably higher than
the 5 to 20%; incidence usually quoted in other series
(Rains, 1964; Shanks and Kerley, 1969; Salzman,
1966; Shedadi, 1966) although Sutton (1969)
described a 409, incidence of opaque stones.
While an attempt was made to avoid selection
in the present study, nonetheless the patients
had all come to cholecystectomy, mainly as an
elective operation. It could be argued that the
high incidence of radioopaque stones was due to the
fact that opaque stones are more likely to be
detected and therefore the patient be referred to
surgery.
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The gallstones in this study were only classified
into two groups, radiolucent and radioopaque. How-
ever, radioopaque stones do not form a homo-
geneous group and their opacity depends on the
distribution and density of calcium salts within the
stone. The present series included stones which were
heavily, and those which were faintly, calcified, stones
in which the calcium was uniformly distributed, and
those in which there was a patchy calcification and
stones in which there was either a calcified nucleus,
concentric laminations of calcification, or a calcified
rim. The frequency of radioopaque stones in a com-
pletely unselected population may therefore be less
than that found here. On the other hand, the presence
of soft tissue on abdominal radiographs may mask
the presence of small amounts of calcium and stones
which appear radiolucent in vivo are often radio-
opaque when radiographed outside the body. In
general, however, medium sized (arbitrarily defined
as measuring S to 10 mm across) and large (> 10 mm)
stones containing more than 10 to 209, calcium
salts, as measured by x-ray diffraction, were opaque
on clinical radiographs. The three radiolucent stones
which contained 40-559%, calcium salts, as measured
by the diffraction technique, all small stones
(< 5 mm in diameter).

The relatively high incidence of patients with non-
functioning gallbladders may also be due to the fact
that the patients had all come to surgery. Gough and
Bennett (1971) suggested that there was a relation-
ship between the cholecystographic findings and the
duration of symptoms in cholelithiasis and that with
time there was a progressive change in the chole-
cystogram from functioning to non-functioning gall-
bladders. However, Moeckel (1974) has described
two patients who had non-opacifying gallbladders
before treatment which became normal during
therapy with chenodeoxycholic acid.

The present results have also provided information
about the influence of age and sex on the type of
gallstones found in patients coming to cholecyst-
ectomy. In general, these results confirm the previous
findings of Sutor and Wooley (1971) that gallstones
formed by men tend to contain more calcium salts
and less cholesterol than those formed by women.
In female patients, the incidence of both pure cal-
cium stones and amorphous stones was higher in the
older age group. Furthermore, the mean percentage
of calcium phosphate, as determined by the x-ray
diffraction technique in the present series, was much
higher than that previously reported by Sutor and
Wooley (1971) but the reason for this difference is
not clear.

Although epidemiological studies can provide
statistical information about the likelihood of
cholesterol stones in different populations and the



364

demonstration that fasting gallbladder bile-rich
duodenal fluid is supersaturated with cholesterol,
and contains cholesterol microcrystals, may provide
supportive but non-specific evidence of cholesterol
stones, at present clinical radiographs provide the
most reliable index of gallstone type in a given
patient.
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