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The case of the “S-shaped tubule”: how
over-user-friendly nomenclature can lead to
a century of embryological errors
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SUMMARY

StandardizeWd nomenclature is important to
biology. Anatomical naming usually uses stan-
dard Greek- or Latin-derived terms to describe
shape, but sometimes draws comparisons with
everyday objects, aiming to reduce ambiguity and
increase clarity. In the case of developing kidney,
it did the opposite. In 1883 and 1889, two stages
of nephron development were named after typo-
graphical characters, comma and ‘S’. This caused
confusion in 3 ways; (i) an ‘S’ shape can be seen
in different ways at different phases of nephron
development, encouraging stage misidentifica-
tion; (ii) ‘S’ has a completely different shape in
Roman and Fraktur (‘Germanic’) fonts, used in a
still-cited paper; (iii) a printed, rather than cur-
sive, ‘S’ implied a stand-alone object, causing au-
thors wrongly to represent S-shaped nephrons as
unconnected. This story acts as a warning against
making names so easy that they give an illusion
of understanding without the need to check the
original source.
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INTRODUCTION

Accurate and agreed nomenclature has long
been considered essential for descriptive scienc-
es (Bruford et al., 2022). Global organizations that
coordinate specific fields often have formal com-
mittees that publish authoritative nomenclatures
and ontologies (e.g. the Human Genome Nomen-
clature Committee, the Nomenclature Commit-
tee of International Union of Basic and Clinical
Pharmacology, and the Federative International
Program for Anatomical Terminology). Ideally,
names will be unique, unambiguous, and easy
to understand even to people who have not met
a particular name before. Unambiguousness and
ease of understanding appear at first sight to be
well aligned ideals, but sometimes a name can be
chosen so well that readers will think they under-
stand it instantly without having to consult the
original definition; this can result in persistent
misunderstanding. This short report examines
one anatomical/ embryological case that has been
causing confusion for at least the last hundred
years.

The issue centers on the description of ana-
tomical phases of tubule development during the
organogenesis of the mammalian kidney. Kid-
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ney development begins when an initially un-
branched tube, the ureteric bud, invades an area
of specialized mesenchyme, the metanephric
mesenchyme (sometimes called metanephrogen-
ic mesenchyme; e.g. by Huber, 1905; Grobstein,
1956; Perantoni et al. 1991; Davies, 1996; Hu-
ber et al. 2000; Davies and Fisher, 2002). Under
the influence of signals derived from the meta-
nephric mesenchyme, the ureteric bud grows and
branches repeatedly to make the tree-like urinary
collecting duct system, the ‘trunk’ of the tree be-
coming the ureter. Signals from the bud to the
mesenchyme causes it to produce ‘caps’ of stem
cells around the tips of the ureteric bud branch-
es. These caps maintain their own population
and give rise to cells that will be ‘left behind’ by
the advance of the branch tip and its cap; these
differentiate to form excretory nephrons. Each
nephron begins as a relatively simple cyst-like ep-
ithelium and then develops into a tube, one end
of which will form the Bowman’s capsule around
the glomerulus, where blood is filtered, and the
other end of which will connect to the collecting
duct system. Between these two ends, the tubule
grows long and convoluted, and acquires regional
specializations.

The process by which the intricate anatomy
of the mature nephron emerges was interesting
to embryologists, who divided the process into
a succession of stages and named them. The
challenge of the kidney is that the thousands or
millions of nephrons in a kidney (depending on
species) develop similarly but at different times,
rather than precisely in parallel, so stages of
nephron development cannot be named in a way
that refers to the age of the embryo. Instead, they
must be named in reference to the characteris-
tics of the nephrons themselves, at each stage of
their development. Given that the nomenclature
was first established in the 19th Century, the
characteristics had to be morphological as there
was no possibility of defining stages by gene ex-
pression. The first stage of nephron development,
a relatively uniform sphere (Fig. 1a) was named
using standard morphological terms as the ‘renal
vesicle’ (Emery, 1883). The next two stages were
named for their similarity to typographical char-
acters; the ‘comma-shaped body’ (Herring, 1900)

(Fig. 1b) and the ‘S-shaped body’ (Golgi, 1889)
(Fig. 1c). Beyond that, the nomenclature returns
to being straightforwardly anatomical without
reference to typography; the ‘capillary loop stage’,
followed by the ‘maturing renal corpuscle’, before
converging with the anatomical terminology that
is applied to the adult kidney (Little et al., 2007).
Of these terms, the ‘comma-shaped body’ and
‘S-shaped body’ would seem to be the most eas-
ily understood because of their reference to the
homely and familiar. Yet it is these terms, partic-
ularly the ‘S-shaped body’, that have caused trou-
ble and continue to do so.

Fortunately for historians, and for any experi-
mentalists interested enough to check, the em-
bryologists who first coined the terms published
very clear diagrams, drawn from sections, to il-
lustrate them. Figure 2 shows the drawing that
accompanied Golgi’s 1889 coining of the term
‘S-shaped tubule’, together with an excerpt of
his original text, and an English translation. The
similarity between what he drew, particularly the
right hand ‘S’ of his figure, and the micrograph in
Fig. 1c is obvious and it is not surprising that the
nomenclature based on the letter ‘S’ caught on
(the left-hand of the two nephrons Golgi drew is
like an ‘S’; the other is mirror-image). It has, how-
ever, created two types of misunderstanding; one
about the precise stage to which it refers, and the
other about the independence of the nephron at
these stages. Thankfully, the first of these misun-
derstandings is probably now consigned to histo-
ry, but the second continues to haunt the field.

MISUNDERSTANDING 1: WHICH ‘S°’?

The clear implication of the phrase ‘S-shaped
body’ (or ‘S-shaped nephron’/’S-shaped tubule’)
is that if a researcher can see the shape of the
letter ‘S’ in the nephron, the nephron must be at
this developmental stage. The problem is that the
letter S can be mapped to several stages of devel-
opment, especially if care is not taken to exclude
the collecting duct itself from being part of the
form of the ‘S’. This was understood soon after the
term ‘S-shaped body’ was coined. From at least
the turn of the 20th century, researchers began to
apply the term ‘S-shaped body’ to both the stage
indicated by Golgi (1889), and also to earlier stag-



es at which an S-shape was discernible but less
developed (Fig. 3). To complicate things further,
the careful analysis by Stoerk (1904) drew atten-
tion to the fact that the letter ‘S’ can be seen in at
least two distinct ways during nephron develop-
ment; he called Golgi’s the ‘primary S’ and then
indicated the presence of a ‘secondary S’ that was
produced by further convolution of the middle of
the original ‘'S’ (Fig. 3).

A much deeper confusion was sown by Wil-
liam Reinhoff, in his 1922 publication, Develop-
ment and growth of the metanephros or perma-
nent kidney in chick embryos. Reinhoff was an
American, born in 1894 in Springfield, Missou-
ri, and studying at Cornell and Johns Hopkins.
He published his paper in English in the Johns
Hopkins Hospital Bulletin and this, like all En-
glish-language journals, used a Roman font (that

Fig. 1.- Stages of human nephron development, in a series of photo-micrographs taken from Herring (1900), who coined the term

‘Comma-shaped body’. Out of copyright (Herring died in 1947).

Fig. 2.- Figure from Golgi (1889), in which he drew the form of what he referred to as an S-shaped body (coining the word for the
first time). To the right of the figure is a facsimile of his original text, showing the precise Roman font used, and below that is a
translation. The right-hand of the two S-shaped bodies in the diagram, both of which are shown connected to the central ureteric
bud branch, can be compared directly with Herring’s micrograph in Fig. 1c. The other is mirror-reversed.
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Fig. 3.- Drawings of the S-shaped tubule from various researchers near the turn of the 20th Century. Golgi (1889) coined the term
‘S-shaped body’ and drew a representation of what he meant. At least from the time of Ribbert’s 1900 publication, some authors
grouped more than one morphological stage under the term ‘S-shaped body’ (the upper drawings being of less mature stages),
though Schreiner (1902) stuck with Golgi’s specification. Stoerk (1904) drew explicit attention to the development of a ‘secondary
S’ that formed by further morphogenesis of the maturing tubule. In this figure, original drawings have been rotated so that they
align with each other as closely as possible. The label ‘cd’ is used to distinguish the collecting duct, and the label ‘secy S’ points to

the secondary S of Stoerk.

is the type of font you are reading now, assuming
you are reading in the English original and not a
translation to a language with a different alpha-
bet). Yet, for some reason, when he wanted to
refer to the ‘S-shaped tubule’, he switched from
a Roman font to a Fraktur font in which a capital
‘S’ is rendered as ‘@’ Reinhoff made no comment
about why he made this choice. Fraktur font, of-
ten called informally ‘the German typeface’, was
still relatively common in newspapers and public
documents in German-speaking countries, and
was in occasional use in some Baltic states and
in Norway. It was not, however, in use in the Ger-
man language journals that had published studies
on kidney development (e.g those that published
Ribbert, 1900, Schreiner, 1902, Disse 1902, Sto-
erk 1904). All of these were printed using Roman
fonts, like this one, in which the key letter is ren-
dered as ‘S’. At least one German author, Stoerk,
writing in German, was aware that the differenc-
es between fonts could be a source of confusion
and he described the tubule as having “die Form
eines romischen S”, meaning “the shape of a Ro-
man S” (Stoerk, 1904). Similarly, G. Carl Huber, an

American born in India to German-Swiss parents,
and writing about kidney development in English,
specified Roman font for the S to which nephrons
are compared (Huber, 1905). Naturally, the key
paper in which Golgi defined the S-shaped tubule,
being in Italian, was printed in a Roman font (Gol-
gi, 1889). I have failed to find any relevant papers
before Reinhoff that used a Fraktur font. One pos-
sibility is that he misunderstood the nature of the
Roman font specified by the two German-speak-
ing authors mentioned above, and thought that
‘Roman’ was the word for the ‘German font’ rath-
er than the one already standard in the USA. An-
other possibility, that he had first read about the
nephrons from hand-written letters from German
authors, seems unlikely for two reasons. First,
for more than a century before 1911, Germans
were taught in school to write in Kurrentschrift
(German cursive), a script used for hand-writing
that is not the same as printed Fraktur (in Kur-
rentschrift, the shape of the letter does not look
like any kind of nephron). Second, Reinhoff cited
numerous German papers and, assuming he had
read them before citing them, he would have seen



that they used a Roman S.

The problem about Reinhoff’s ‘@’ is that it match-
es rather well the form of what is normally called
the comma-shaped body, the predecessor to the
S-shaped body. This is illustrated in Fig 4a, which
compares ‘©’ to a comma-shaped body drawn by
Herring (1900) and Fig 4b, which compares ‘S’ to
an ‘S’-shaped body, also drawn by Herring (1900).
Reinhoff uses the phrase ‘comma-shaped body’ in
his paper and discusses the comma-to-'&’ transi-
tion extensively, so he was quite clear in his mind
that the comma is a stage distinct from the later
‘S’. What is more, when he drew S-shaped tubules
(Fig 4e), he drew them in a standard way that
matched the earlier work of others. This makes his
use of ‘@ even more difficult to understand; per-
haps he focused only on part of the nephron to see
his ‘@’ shape, as indicated speculatively in Fig 4c.
This, though, seems unlikely as he stressed that
the nephron grows into the collecting duct (rather
than a branch of collecting duct growing into the
nephron), so he must have been aware that there
was no reason to exclude any parts of the nephron
shown in his drawing in his attempt to map neph-
ron shape onto a typographical character.

It is difficult to estimate how many people have
read Reinhoff’s ‘@’-containing paper, but it has
been cited 86 times, according to Google Scholar,
and it continues to be cited as a foundational refer-
ence well into the 2020s (e.g. Schnell et al., 2022).
It is therefore not surprising that entities match-
ing almost exactly the shape of an ‘®’ continue to
be identified as S-shaped tubules. An example
is shown in Fig 4d from Chung et al. (2017); this
particular image was chosen for its clarity and its
ease of re-use thanks to a CC-BY-4.0 licence and
[ am in no way singling out its authors for criti-
cism. Indeed, there is no criticism to be made, be-
cause since Reinhoff and possibly because of him,
and because of Stoerk’s ‘secondary S’, the range
of morphologies covered by ‘S-shaped tubule’ has
become broader and less precise than when Golgi
offered his original 1889 definition.

MISUNDERSTANDING 2: A FALSE INDI-
CATION OF INDEPENDENCE

When Golgi drew his definitive S-shaped tubule,
it was connected to the collecting duct (Fig 2). All
of the other drawings and micrographs repro-
duced in Figs 1-4 also show this connection; this

Fig. 4.- Reinhoff’s drawings, and real photomicrographs that align with his Fraktur character. (a) shows two drawings taken directly
from Reinhoff’s paper, but rotated 90 degrees for compatibility with Fig. 3. The sketches are very similar to those of the authors
whose drawings appear in Fig. 3, suggesting that Reinhoff was seeing the same thing that they thought were ‘S’ shaped. Strikingly,
it is much easier to see how they contain the shape of the Roman S then the Fraktur character shown in (b). Panel (c) shows a pho-
tomicrograph from a much more recent paper (Chung et al., 2017; the figure comes from their Fig. 1c lower row panel 4, with other
tubules blanked out, and the image inverted and rotated here to align with this Fig. 4a.). This was identified by Chung et al. as being
an S-shaped tubule. Here the morphology looks very much more like the Fraktur S, and has no real character of the Roman one.
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is entirely correct as the S-shaped body is always
connected in this way in a real developing kidney.
But the capital ‘S’ used to refer to this stage stands
alone; it is not a cursive character and it carries no
hint that it should be joined to anything. Perhaps
for this reason, many authors, even those who
have looked at real kidneys may times in their re-
search career, have drawn the S-shaped tubule as
existing completely independently of the collect-
ing duct, with no indication of any contact or join-
ing. Examples drawn from a variety of modern re-
search papers, chosen here among many others
simply because they have a copyright that allows
free re-use of images, are reproduced in Fig 5. The
misunderstanding matters because the collecting
duct may well be a source of at least some signals
that pattern the nephron (Lindstrém et al., 2015),
and if researchers think about them as separate
objects, rather than the continuum they really are,
promising hypotheses about patterning mecha-
nisms will be missed.

CONCLUSION

This story, in an admittedly obscure and niche
corner of anatomical nomenclature, illustrates a
danger of making nomenclature too user-friendly.
Slightly difficult nomenclature forces a research-
er entering a field to look at proper source ma-
terial to understand what it meant. Apparently
very obvious nomenclature that draws analogies
with letter shapes (or other everyday items) can
seem so straightforward that there is no need to
check the original definition, and that can lead to
misunderstandings. No such misunderstandings
have plagued the other stages of nephron devel-
opment, named in a less accessible way. Paradox-
ically, then, non-obvious naming may serve the
end user much better than ‘user-friendly’ names
that seem to save them work.

STATEMENTS AND DECLARATIONS

AI: Al tools were not used in the writing of this report.
Google Translate was used to provide the translation in-
cluded as part of Fig. 2.

Fig. 5.- Examples of drawings that depict the S-shaped nephron as individual, or as only touching the collecting duct, instead of
fully joined to it as shown in Golgi’s original definition (see Fig. 2) and in the micrographs in Fig. 3. Panel (a) is from Bard (1996), his
Fig. 1; (b) is from El-Dahr (2017), their Fig. 1c; (c) is from Davidson (2009), his Fig. 6; (d) is from Hohenstein et al. (2015), their Fig.
2. These examples were chosen because of their Creative Commons licences, allowing simple reuse. Other examples include Saxén
and Wartiovaara (1966), Patterson and Dressler (1994), Gill and Rosenblum (2006), Kreidberg (2010), Pleniceanu et al. (2010), Nay-
lor and Davidson (2013), Schoenwolf (2015), Yosypiv (2017), Torban et al. (2021), and Nishimura et al. (2024).
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