
 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

to not 

me to a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

ii 

IHU,UVH is a IS delJentdel11t 

on 

causes stones to a 

a 

"'UUVJ'''' measure stone I01m:UHln. 

to 

lUUAllJll;;:. at me:tatlO 

it is non-

a 

state 

a 

stone ",,""<1"'11""'_ 

were a UUlU...,."l 

stone were to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

iii 

were 

stone 

stone p"".£"",,,,,, or 

or to assess stone IOImllt1()ll. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

AClrnOwlt:agi~mtmts .................................................................................................. 1 

1.1 
1 
1.3 
1 

1.5 

1 

1 
1 

1 

1 
1 

11 

Lorltents ................................................................................................. .. 

ul~ie~,e ......................................................................... 1 

lntroaulctl(ln ................................................................................................. 1 
stones ................................................................................. 1 

2 

LOlnn1,ent ........................................................................................... . 

.... "". " ......... '" ................................................................................................... . 

nanons .............................................................. . 

iv 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.1 

3.3 

5.1 

5.4 
5 

v 

1"",1"1,,,,,,,, ... Ke(:OIZIUU(m ................................................................. . 

........................................................... 91 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

... u,,"" ..... _ occurs 

IS a 

a It causes '"'v,""' ........ >auJ' ... a 

recurrence rate 

VVil.l""'C<.4UVU seems to u ........ , .... '" to 

1 

a 

{!lYCQ[)Tot:em or mucot)rotel 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2 

or a 

on are 

most common are 

no 

stones 

cause 

on UA';'UU-""" stone 

stones 

stones are 

cases, stone IS non-

recurrent 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3 

tract stones are more TI'pnnpnt 

as 

stone 1 ). 

one or more 

1.1 

on 

H',",.," .. ~.n_'- rates can to 

et IS 

m(:IQI;:m~e rate et 

1 recurrence rate sexes IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

risk factors 

Sex 

Climate 

Affluence 

Diet 

Fluid intake 

Ethnic group 

Genetic 
disorders 

stone 

risk factors 

Inhibitors 

stone tormatIOn. 

to an excess ""v,,.. .. "·i"11" .... 

4 

.... ",,"u·'" risk Combined risk factors 

factors 

t"eacocK., 1 

stone can 

u,uJo.U"iS water 

'th .... "'h'\' an lD(:re,a8f)Q 

a regIOn cause aeJnY(IrallOln a 

1 

water 



Univ
ers

ity
 of

 C
ap

e T
ow

n

5 

1 recent ,nu,un,,, 

or cause stone 

an on stone 

HHHHU"", to stones. 

1 

1) . 

............. ,,"" ..... _." .... ' ... stone 

UU.l,UUU IS a 

res:oel~t to 

one, a 



Univ
ers

ity
 of

 C
ap

e T
ow

n

6 

rates 

to pf()ce:SSt~S IS 

1 

can as 

:::: In[-) 

IS T is are 

at 

s >1, 

IS sU1Jersaturalted It is a 

IS 1 IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n
f­
U 
:J 
o 
o 
ex: 
0.. 

>­
f-

> 
f= u 
< 
o 
2: 
en 
< 
I:.l.l 
ex: 
u 
Z 

[ J 

zones 

stone 

extent 

7 

IS 

not 

occur. 

U'-l'-UC'Vl1 to occur. ucileatlon, a 

PRODUCT 

PRODUCT 

to 

1 

IS as 

can 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

8 

an 1 

et et 

stone are nlliCleal1l0n, 

IS as a 

It 

occurs 

an 

IS 

occurs 



Univ
ers

ity
 of

 C
ap

e T
ow

n

9 

are two phenOlTlerla to 

1 

new is 

IS 

is U,",UUI,,,,, stone 

It is most 

IS as to an 

"" .... ,.uulS new 

It 



Univ
ers

ity
 of

 C
ap

e T
ow

nPROCESS: Speciation 

PHYSICAL 
LOCAnON: 

bulk 
solution 

Bulk 
Diffusion 

diffuse 
layer or 
Gouy­
Chapman 
layer 

double layer 

Stem 
layer 

! 
crystal 
surtace 

10 

Figure 1.3 Summary of the processes involved in crystal growth. Reproduced 

from (Hess and Kok. 1996; Brown et al., 1994) 

Figure 1.3 depicts how the particles diffuse onto and become attached to the 

crystal surface before being incorporated into the crystal. Out of a pool of precursors 

in solution. calcium and oxalate form soluble complexes with other ions or combine 

to form monomers. This is called speciation. The monomers are subject to bulk 

diffusion forces. Iil the vicinity of the crystal surface, monomers experience the 

charge gradient field created by the surface. This causes orientated diffusion. A 

combination of the local electrostatic charge and chemical forces cause the 

attachment of monomers to the crystal surface by a process called adsorption. 
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Figure 5.1 400MHz IH_NMR of typical control subject urine 
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Figure 5.2 (A) 400 MHz IH-NMR spectrum of calcium oxalate kidney stone subject urine 
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The scores plots of the first five PC's were examined, but none of these PC's 

displayed a patient discriminant ability. The resultant PC 1 vs PC2 scores plot is shown in 

Figure S. S. All other PC scores plots and PCA results are given in Appendix 3. 

N 
0 
IL 

FigureS. S PC 1 vs PC2 scores plot 
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The above results indicate that the differences between patient and control subject 

spectra are smaller than other sources of variation in the data. This was expected after 

visual inspection of the spectra. As mentioned earlier, normal variation within each 

group is quite large. This being the case, it would be of great interest to identify which 

parts of the spectra , if any, are different in the two groups i.e. to establish whether the 

spectra can be used to discriminate between patients and controls. Therefore canonical 

discriminant analysis was performed on the data. 
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As mentioned earlier the separation between male and female control subjects was 

not very good. As the gender of each sample is known, this variable can be eliminated 

by analysing male and female subjects separately. Data were therefore divided into male 

and female data sets, defining patients and controls for each. Canonical discriminant 

analysis was performed on both data sets separately. Each analysis therefore gives one 

canonical variable. The SAS output is given in Appendix 6 for female subjects and 

Appendix 7 for male subjects. 

The canonical scores plots for each gender are shown in Figures 5.7 and 5.8. Plots 

also show the mean for each group (patients and controls) and a 95% confidence interval 

for each. The 95% confidence interval is calculated as the mean _ 2(standare.deviation). 

95% confidence interval 95% confidence interval 

I .. _--. ... . --........ . 
-6 -4 -2 024 

---------------------, 
• controls 

• patients 

• mean control 

• mean patients 

Figure 5.7 CVl scores for the female data set showing the mean of patient and 

control groups and their 95% confidence intervals. 
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I • __ -== .•• _. • •• 11111 • •••••• 

-6 ~ ~ 0 2 4 6 

• control 

• patients 

• mean patient 

• mean control 

Figure5.8 CV I scores for the male data set showing the mean of patient and 

control groups and their 95% confidence intervals. 

This method shows excellent discrimination between patients and controls for both 

genders with much less overlapping of patients and controls than seen in the analysis 

where both genders were combined. Since the gender of the subjects are known in 

advance, this may be a better way of classifying the risk of kidney stone formation. 

Prediction of unknown samples using this model was not attempted, due to the smaller 

sample size generated by dividing the data into gender groups. Prediction should be 

attempted with a larger sample size for each gender. 

5.3 VALIDATION 

The canonical discriminant model containing both genders was validated by the 

classification of eight independent test samples into the predefined groups. The resulting 

scores for eight test samples are shown in Table 5.4 and plotted in Figure 5.9. Included 

in this plot are the 95% confidence regions for each group. These are indicated by 
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Figure 5.9 Scores plot ofCVl and CV2 including test sample scores and 95% confidence ellipses 
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