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Abstract. The majority of idiopathic calcium oxalate kidney stones form on the Randall’s plaque, a
subepithelial calcium phosphate plaque at the renal papilla. The formation mechanisms of the Ran-
dall’s plaque and associated calcium oxalate stones remain incompletely understood. This article pro-
vides an historical overview of the research performed on this topic, describes the current epidemi-
ological trends of Randall’s plaque-associated kidney stone formation and reviews the suggested for-
mation mechanisms of Randall’s plaque and associated calcium oxalate stones. Finally, this overview
highlights the recent advances made on the subject, including the development of an animal model.

Keywords. Randall’s plaque, Calcium phosphate, Calcium oxalate stones, Kidney stones, Nephrolithi-
asis.
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1. Introduction

Nephrolithiasis is extremely common, with esti-
mated prevalence of 10.6% in males and 7.1% in
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females in the United States of America [1]. In 66.0–
93.0% of kidney stones, the main component is cal-
cium oxalate, comprising calcium oxalate mono-
hydrate (COM) in 42.8–74.4% and calcium oxalate
dihydrate (COD) in 18.6–23.2% [2,3]. Up to 90% of
calcium oxalate kidney stones are categorized as
idiopathic as no causative hereditary or acquired
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disease can be detected [4]. The exact mechanism of
idiopathic calcium oxalate stone formation remains
to be elucidated but the majority of these stones ap-
pears to form by a process of heterogeneous nucle-
ation on a subepithelial calcium phosphate plaque
at the papilla, known as the Randall's plaque.

The plaque is named after Alexander Randall,
who, in the 1930's, described the presence of a subep-
ithelial interstitial calcium plaque at the renal papilla
in 19.6% of 1154 pairs of cadaveric kidneys, as an
initiating lesion that precedes kidney stone forma-
tion [5,6]. Randall observed that some of the plaques
lost their epithelial lining and hypothesized that they
would act as a nidus for subsequent stone formation
after their exposure to calyceal urine. Actually, Ran-
dall reported small calculi attached to the calcium
plaque in 2.3% of patients. Additionally, he found
several kidney stones to display a smooth depression,
indicative of prior papillary attachment and on some
of them, remnants of the calcium plaque.

Randall additionally described a second, less fre-
quently occurring papillary lesion, now known as
tubular plugs or Randall's plugs, which consists of
crystal deposition in the lumina of the collecting
ducts [6]. Tubular plugging rather than interstitial
calcium phosphate plaque formation has been hy-
pothesized as the initiating lesion for brushite stone
formation and for kidney stones formed in patients
with primary hyperparathyroidism, enteric hyperox-
aluria and distal renal tubular acidosis [7–9]. The sub-
ject of tubular plugging is however not the topic of
this overview.

Randall's groundbreaking publications concern-
ing the interstitial calcium plaque were followed
by several reports of his contemporaries, who con-
�rmed the presence of papillary plaques in cadav-
eric kidneys and nephrectomy samples with attached
stones in a proportion of these plaques [10–13].

After a long period with few publications on the
matter, research on the subject of Randall's plaque
regained new interest at the end of the 20th cen-
tury, likely driven by the increased performance of
urologic endoscopy, during which Randall's plaques
can be directly visualized at the papillary tip and
due to the increased prevalence of Randall's plaque-
associated kidney stone formation. Especially the
formation mechanism of Randall's plaque, which re-
mains incompletely understood, has been addressed
in many publications during the last two decades.

2. Epidemiology

Early publications by Randall [5], Rosenow [10], Ver-
mooten [12] and Haggitt and Pitcock [14] reported
the presence of papillary plaques in 8.3–23.0% of
unselected autopsy kidney specimens, detected by
macroscopic or hand lens examination. The papil-
lary plaques were described as cream-coloured to
white lesions, with size ranging from 1–2 mm to a
surface occupying the entire papilla. Vermooten [12]
described a di Verence in prevalence between the
Caucasian and the native South African population,
with respectively 17.2 and 4.3% of subjects displaying
Randall's plaque.

Light microscopic examinations of papillary tis-
sue of unselected autopsy kidneys and nephrectomy
samples, including kidneys a Vected by nephrolithi-
asis, could detect medullary calci�cations in all kid-
neys in the reports of Anderson and McDonald [13]
and Haggitt and Pitock [14], while Anderson could
only detect calci�cations in 12% of autopsy kid-
neys [11]. It has to be mentioned that in the last study
children and infants formed 36% of the study pop-
ulation, with only 5.7% of them displaying Randall's
plaque and frequently examination on only one renal
section, not always containing papillary tissue, was
performed. Finally, Ruggera et al. [15] reported inter-
stitial calci�cations detected by microscopic exami-
nation in 42.9% of papillary biopsies performed dur-
ing ureterorenoscopy in stone-forming patients.

Optical microscopy of eliminated kidney stones
grown on Randall's plaque typically reveals a papil-
lary umbilication, the imprint of the previous pap-
illary attachment, which can be found as an ir-
regular depression, while some stones can display
plaque remnants at the umbilication as well [16] (Fig-
ure 1). Daudon et al. [16] described papillary umbili-
cation in 19.5% of 45,774 examined calculi. The rates
augment to 39.0% taking only spontaneously elim-
inated stones into account and even to 66.1% con-
sidering only spontaneously passed COM stones [4].
Cifuentes Delatte et al. described papillary umbilica-
tion in 28.4% of 500 spontaneously passed stones [17]
and plaque remnants in 72.4% of 87 umbilicated kid-
ney stones [18]. Letavernier et al. [19] reported 34.1%
of 30149 intact calcium oxalate stones to show Ran-
dall's plaque remnants.

Recently, micro-computed tomographic imag-
ing (micro-CT), using 3-dimensional X-ray imaging
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