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Abstract This project sought to test the ability of
commercial stone analysis laboratories to correctly analyze
urinary stones. Human stone specimens were cleaved into
pieces, and the pieces of each specimen were veriWed as
being similar using micro-computed tomography (micro
CT), a non-destructive method. Thus, similar specimens
from 25 stones were sent to Wve laboratories, and a sixth
piece was kept for analysis in our laboratory using Fourier-
transform infrared spectroscopy (FT-IR). The results
showed that laboratories were very good at analyzing pure
specimens, but with mixed specimens the accuracy and
consistency varied. In six stones containing apatite, a min-
eral easily identiWed using micro CT, apatite was missed
20% of the time. Struvite content in the specimens was
inconsistently reported, with laboratories diVering in their
reports of the presence of struvite in six of the 25 stones
(24%). A mixed stone containing atazanavir was not
reported by any of the laboratories as containing that drug.
Nomenclature diVered among the laboratories, especially
with regard to apatite, which was variously reported as

hydroxyapatite, carbonate apatite, or as apatite with calcium
carbonate. One laboratory reported protein in every stone,
while for all others protein was reported in only one stone. We
conclude that physicians need to be aware that reports on
mixed stones, which represent >90% of all calculi, can be
erroneous. It is likely that supplying a greater amount of stone
material will assist a laboratory in making a correct analysis of
mixed stones. Also, standardization of nomenclature could
assist in analysis reproducibility, but this remains to be tested.

Keywords Calculi · Stone composition · Infrared 
spectrophotometry · Urolithiasis

Introduction

Analysis of stone composition is a routine assessment as
part of the medical management of persons suVering from
urolithiasis [1, 2]. While this practice has been challenged
as being unnecessary for most stone formers [3], the
broader view is that the stone analysis can provide impor-
tant information about the underlying cause for stone for-
mation in most patients [4–6].

A more serious challenge to stone analysis is the ques-
tion of the accuracy of laboratory reports. Kasidas et al. [6]
reported error rates of 30% in their series, in which they
sent samples of known composition to stone laboratories
for testing. A more extensive study by Hesse et al. [7]
tested over 100 laboratories by sending identical specimens
of powdered mineral. Ignoring the results for labs using
wet-chemical methods (which are now less frequently
used) Hesse et al. [7] reported errors for pure substances
ranging from 0 to 30%. For mixed samples, error rates
tended to be higher; for example, the presence of apatite in
a mixed specimen was missed about 10% of the time when
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infrared methods were used, and 25–30% of the time when
X-ray diVraction methods were used [7].

However, neither of these studies utilized real, mixed
stones for testing analysis accuracy. Instead, they used
powdered mineral standards and mixed them together to
simulate a complex stone. These prior methods did not,
then, test the ability of the laboratory to adequately analyze
a real stone specimen, a process that requires proper exami-
nation of the stone or stone fragments to identify portions
for analysis in order to detect minor components [8, 9].

The objective of the present study was to test stone anal-
ysis laboratories using samples of human stones that were
judged by micro CT to be of similar composition [10].
Micro CT enables the non-destructive visualization of min-
erals within stones [11, 12], and it is especially useful for
detecting small amounts of mineral with contrasting X-ray
attenuation values, such as apatite within calcium oxalate
stones [13]. The results suggest that the analysis of mixed
stones is especially problematic for commercial laborato-
ries. Recommendations for improving the usefulness of
results for stone analysis include the submission of as much
stone material for analysis as possible, communication of
patient data to the stone laboratory such as prescription of
anti-viral drugs that may yield stones, and standardization
of methods and nomenclature for stone analysis.

Methods

BrieXy [10], human stone samples were chosen from a
library of stone analysis laboratory discards. Samples were
de-identiWed but retained their initial analysis results, and
thus a representative set of 46 larger stones was obtained.
These stones were scanned by micro CT (Skyscan 1172
system, using voxel size of 7 �m), and then broken by hand
into six pieces. The resulting pieces were again scanned by
micro CT, and the scans examined to verify that each piece

contained similar materials; i.e., the micro CT scans were
used to determine whether all pieces were representative of
the original stone. An example of this process is shown in
Fig. 1. Of the 46 stones taken through this process, only 25
were judged to have pieces suYciently alike to be used for
this study.

For each of these 25 stones, one piece was sent out to
each of Wve commercial stone laboratories, using Wctitious
patient names to blind the laboratories to the study. For
additional veriWcation of the stone’s composition, an addi-
tional piece of each stone was retained for thorough assess-
ment utilizing micro CT (of just the retained fragment
alone), stereomicroscopy, dissection, and transmission Fou-
rier-transform infrared spectroscopy (FT-IR).

Variability of results is described using coeYcient of
variation. The ability of laboratories to distinguish stone
contents was tested using two-way analysis of variance, and
the Tukey method was used for post hoc tests. SigniWcance
was assumed when P < 0.05.

Results

All of the laboratories accurately reported the compositions
of relatively pure stones, as shown in Fig. 2 for pure uric
acid and cystine stones (top two and bottom two stones in
the Wgure). The two brushite stones in this study, though
mixed with other minerals, were also identiWed correctly by
all the laboratories. However, one of the mixed calcium
oxalate monohydrate (COM) and uric acid stones (fourth
row down in Fig. 2) demonstrated disagreement among the
laboratories with one of the laboratories indicating that it
was pure uric acid and the others reporting it to be a mixed
stone (Fig. 1). The micro CT images in Fig. 1 clearly dem-
onstrate the presence of both COM and uric acid in all the
fragments sent out. Thus, each of the laboratories received
a mixed stone with a substantial proportion of uric acid and

Fig. 1 Outline of procedure for 
sending comparable pieces of a 
stone to multiple laboratories for 
analysis. See text for details. 
COM calcium oxalate monohy-
drate
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COM, and one laboratory missed the COM. In such a
patient, a physician might choose not to treat hypercalciuria
in the absence of a calcium salt in the stone [14], and so the
missed stone analysis could aVect clinical treatment.

Just as uric acid and calcium oxalate are easily distin-
guished by micro CT, apatite can be seen easily with micro
CT in the presence of calcium oxalate [13, 15], and even a
small portion, <1% by volume, can be correctly identiWed in
most stone types ([11, 16] and unpublished observations).
Figure 3 shows four examples of micro CT imaging of
stone fragments composed primarily of calcium oxalate:
one sample with no detectable apatite, and three others with
apatite distributed through every test fragment. The analy-
sis results of these stones are shown along with Wve others
in Fig. 4; the percentage of apatite for each stone is shown
on the left, as determined by micro CT [16] for all of the
test fragments of the stone scanned as a group. With regard
to apatite, the top three stones in Fig. 4 showed no visible
apatite by micro CT, and the volume percent of voxels in
the absorbance range of apatite was 0.16, 0.44, and 0.30%,
respectively. Despite this evidence for lack of apatite in
these stones, one laboratory reported 5–10% apatite for
each. Overall, the apatite results for these nine calcium oxa-
late stones tracked with the content measured for the frag-
ments as a group by micro CT (P < 0.0001), but the
coeYcient of variation for apatite determination averaged
140 § 69%, indicating dramatic variability of results for
apatite.

Critique of the details of calcium oxalate results is not as
easy. In a positive vein, we can say that all of the laborato-
ries correctly identiWed the stones in Fig. 4 as containing
calcium oxalate. The diVerences in reported content of
COM and COD (calcium oxalate dihydrate) could well rep-
resent diVerences among the fragments sent out, as distin-
guishing COD from COM is sometimes possible by micro
CT [11], but in many cases these forms are probably mixed
together (as shown in Fig. 3).

Similarly, diVerences among the fragments sent out to
the laboratories could have accounted for some of the CaOx
stones in Fig. 4 being reported as >50% apatite. The frag-
ments were scanned by micro CT as a group, and it was
determined that they all had similar compositions, but the
relative proportions of components were not determined for
each fragment. (Thus, the values for volume % of apatite
indicated in the Wgures were an average for all the frag-
ments together). In any case, the data in Fig. 4 demonstrate
that it is possible to send a representative sample of a cal-
cium oxalate stone to a laboratory and have the result
reported as predominately apatite stone composition. Such
a report could inXuence the decision to use potassium cit-
rate for such a patient [17].

Finally, Fig. 5 demonstrates the results for stones
reported to contain struvite, which is universally recognized
as a product of infection [18]. The stars on the right side of
the Wgure mark reports of struvite; note that the marked
reports disagreed on struvite content of these stones in six

Fig. 2 Analysis results for 
stones composed of uric acid, 
uric acid/COM, brushite, and 
cystine. Letters A–E specify 
commercial laboratories, and 
bar to right shows reported com-
position of stone with lengths of 
color regions proportional to 
percentages reported by that lab-
oratory. CaOx calcium oxalate
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of the eight cases. It is diYcult to identify struvite by micro
CT unless the stone is rather pure [11], so we cannot be cer-
tain that all of the stone fragments in Fig. 5 either contained
or did not contain struvite. However, these stones were
divided into fragments that were judged to be similar in
morphology and composition, so the results of the labora-
tory analyses are still concerning, with disagreement among
the laboratories regarding struvite content in 75% of the
stones in this compositional class.

Results for apatite content in the stones shown in Fig. 5
are similar to those mentioned earlier. That is, in Fig. 5, for
the stones reporting an average apatite content of less than
50%, coeYcient of variation was 101%, indicating large
variability. Similarly, for Wve of the eight stones in Fig. 5,
laboratories disagreed as to whether the stone was majority
apatite or not.

The mixed stone shown at the bottom of Fig. 5 was
unusual in that it contained the antiviral drug, atazanavir
(AZ). None of the laboratories reported this content, but the
fragment retained in our laboratory for conWrmatory analy-
sis did contain atazanavir (as veriWed on FT-IR by a tapered
peak at 3428 cm¡1, and peaks at 1,724, 1,652, 1,514, 1,240,
778, and 764 cm¡1). However, the commercial laboratories
were not informed of the possible inclusion of this drug.
Such information could be provided by the physician with
submission of a specimen, if the patient is taking drugs that
are known to form urinary deposits.

Mention should be made of some other anomalies in the
data shown earlier. One laboratory reported protein in all 25
stones, while protein (or some other organic material) was
reported only once by the other four laboratories. Protein is a
component of all stones [19], and our experience is that spec-
troscopic evidence of its presence is frequently seen, but lab-
oratories apparently diVer in whether this is worth reporting.

Laboratories also diVered in how apatite was reported.
All apatite in stones contains carbonate [20, 21], but some
investigators have distinguished apatite with low carbonate
from that with high carbonate content [22]. This distinction
was used by two of the laboratories in this study, which
reported apatite as either hydroxyapatite or carbonate apa-
tite. Another lab reported apatite only as hydroxyapatite, and
yet another only as carbonate apatite. The Wfth lab reported
apatite but usually included an additional quantity of cal-
cium carbonate in the analysis, and this carbonate was con-
sidered as part of the apatite content for the present study.

Discussion

The overall result of this study in which real stone speci-
mens were sent to commercial laboratories for analysis is

Fig. 3 Micro CT image slices for fragments of four of the samples of
CaOx stone sent out to commercial laboratories for analysis. Total apa-
tite content measured in these fragments was 0.16% (a), 40.9% (b),
17.4% (c), and 2.7% (d). Similar morphologies and apatite contents
were seen for all fragments from a given stone sample. Some frag-
ments show polyhedral crystals (arrowheads) indicating CaOx dihy-
drate (COD), and these were not distributed evenly among fragments.
In one specimen, d, COM and COD are distinguishable by X-ray atten-
uation [11] (gray value)
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that all of the laboratories did well in analyzing pure stones,
but the results were not as accurate for mixed stones, and
some of the disparate results had the potential to alter treat-
ment rendered to the patient.

A unique aspect of this study is the preparation of stone
specimens using micro CT to non-destructively analyze the
specimens before sending them out to laboratories for anal-
ysis. This allowed the use of real stones, even those with
mixed composition, for these tests. This method is espe-
cially powerful for characterizing some mixed stones (such
as COM/uric acid) and for recognizing the presence of
small amounts of some materials (speciWcally apatite in
most stones), but it is less eVective for other components
(such as identifying struvite in a mixed stone). Thus, some
of the results point to actual errors in analysis by commer-
cial laboratories, but others point only to errors that could
be in the sampling procedure or in the analysis by the labo-
ratories. This second set of errors is still instructive, such
that sampling errors by the surgeon submitting the stone for
analysis could contribute to the inaccuracy of stone compo-
sition reporting for mixed stones. For this reason, we rec-
ommend that the surgeon submit as much material as
possible for a stone specimen, and that laboratories exam-

ine all portions of the specimen, prerequisites that are likely
to give the analysis laboratory the best chance of identify-
ing all the components of a mixed stone.

A question commonly asked when we have presented
this work is, “What methods were used by the commercial
laboratories?” The answer is that none of the laboratories
speciWed the methods used on its reports. All of the labs
state in their literature that they utilize at least one physical
method (X-ray diVraction or FT-IR, or both) but no speciWc
analytical sequence is described by any of them. Reviews
of methods used for analyzing stones agree that X-ray
diVraction and FT-IR are both powerful methods for identi-
fying minerals in stones [9, 23], but it is also clear that
proper dissection of the stone material is essential [22, 24].
However, Gault et al. [25] recommend additional wet-
chemical analysis for ammonia to enable the detection of
struvite when it is in low concentration. It is not known if
any of the commercial laboratories routinely utilize such a
test, and we are not aware of any study that has veriWed the
work of Gault et al. [25] on struvite detection.

A further concern is that the laboratories in our study did
not use the same nomenclature for listing the minerals
found in stones. Some of these diVerences such as the use

Fig. 4 Analysis results for labo-
ratories A–E for a series of 
CaOx stones. Total apatite con-
tent (volume % by micro CT) 
measured for fragments as a 
group is shown in parentheses
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of ‘whewhellite’ or ‘COM’ are easily reconciled by the
referring physician. Other diVerences are more diYcult to
interpret, and the variation in naming of diVerent forms of
apatite is probably the most serious nomenclature problem
we noted in this study. The usefulness of carbonate content
in apatite as a marker of infection has been challenged [26],
but more recent work suggests that high carbonate in apa-
tite does indeed correlate with infection [21]. In the present
study, only one of the laboratories attempted to report the
quantitative carbonate content of apatite (although some-
what obscurely as ‘calcium carbonate’); the laboratories
that reported apatite either as hydroxyapatite or carbonate
apatite did not specify how they distinguished these two
minerals. While it is clear that more work should be done to
determine whether this distinction has clinical utility, it
would make such studies easier to conduct if laboratories
used the same names for these mineral forms.

In summary, submission of genuine stone samples to
commercial laboratories in the United States demonstrates
that laboratories accurately identify pure stones, but that
analysis of mixed stones showed great variability. Stan-
dardization of methodology and nomenclature would be
helpful. Exploration of the reliability of the detection of
struvite is needed, as the tests in the present study showed
that laboratories disagreed on the presence of this infection
marker in over a fourth of all stones submitted.
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