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Abstract  

Introduction: Due to scarcity of early-stage human embryonic specimens, embryos 
collected in the first decade of the 20th century form the basis for illustrations in 
human embryology textbooks. Perhaps the most often depicted embryo of the 
Carnegie collection is Carnegie stage (CS) 8 specimen No. 5960, known as the Heuser 
embryo. Unfortunately, the link between the original sections of this embryo from 
1929 and the increasingly schematic textbook illustrations has become lost over the 
years.  
Materials and Methods: We present a historical overview of the Heuser embryo. 
Furthermore, we studied how representative this embryo is for CS8, by comparing it 
with two other CS8 specimens from the Carnegie collection. To facilitate 
understanding of the intricate morphology of the trilaminar germ disc, three-
dimensional (3D) reconstructions of all three embryos were prepared. 
Results: All typical structures of CS8 are present in the three embryos and external 
features of the embryos are similar. However, we observed some developmental 
differences in the notochord. Also, the other specimens lacked the prominent contour 
of the notochordal process that is present on the dorsal side of the Heuser embryo.  
Conclusions: It is doubtful whether the Heuser specimen is representative enough to 
serve as reference model. Furthermore, it is worrying that most textbooks rely on the 
ever-changing appearance of illustrations based on one single CS8 specimen, often 
without referencing. Our digital 3D reconstructions restore the link between 
histology and modern schematic illustrations and allow the complex morphological 
structure of the CS8 embryo to be fully appreciated.  

Introduction 

At the beginning of the 20th century, key embryologists as Franz Keibel (1861-1929) 
and Franklin P. Mall (1862-1917) described series of embryos that form the basis of 
illustrations of human embryos in embryology textbooks today (Keibel and Mall 
1910). Because pregnancy tests were not available at that time these specimens were 
often accidental findings upon pathology examination of resected uteruses after 
hysterectomies in case of a uterine prolapse. Due to current ethical limitations 
regarding the acquisition of human embryonic material, such specimens are very 
scarce despite valuable initiatives that have been established to centralize collection of 
embryos from clinically indicated abortions with permission of the donor 
(http://www.hdbr.org/ for example). Because of this scarcity of human embryos, 
specimens from historical collections serve as valuable sources for illustrations in 
embryology textbooks (Hamilton, Boyd et al. 1972, Tuchmann-Duplessis, David et al. 
1982, Cochard 2012, Carlson 2014, Sadler 2015, Moore, Persaud et al. 2016).  

One such famous example is Carnegie stage (CS) 13 (28 to 32 days of 
development) human embryo specimen No. 836 of the Carnegie collection. Drawings 
of this embryo collected in 1914 can be found in embryology textbooks ever since, as 
typical example of a CS13 human embryo (Morgan 2004, de Bakker, de Jong et al. 
2012). Younger embryos of CS 1 to 9 (zero to 27 days) are even more scarce, because 
it is very unlikely to collect such an embryo from an (induced) abortion or as a 
coincidental finding from a hysterectomy (O'Rahilly and Müller 1987). Embryo No. 
5960 of the Carnegie collection, also known as ‘the Heuser embryo’, is therefore the 
CS8 (21 to 25 days) embryo featuring in most of today’s embryology textbooks and 
atlases as embryo of the trilaminar germ disc stage (Heuser 1932, Patten 1958, Romer 
1962, Blechschmidt 1963, Hamilton, Boyd et al. 1972, Patten and Carlson 1974, Gasser 
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1975, O'Rahilly and Müller 1987, Hinrichsen 1990, Carlson 1994, Cochard 2002, 
O'Rahilly 2006). After a preliminary report about this embryo by Dr. Chester H. 
Heuser in 1930 the first thorough description accompanied with detailed illustrations 
of all embryonic structures was published in a paper entitled ‘A presomite human 
embryo with a definitive chorda canal’ in Contributions to Embryology by Heuser in 
1932. This is how Carnegie collection specimen No. 5960 obtained its name ‘The 
Heuser embryo’.  

We non-exhaustively identified 11 commonly used embryology textbooks 
dating from 1958 to date, that display the Heuser embryo to illustrate the gastrulation 
process and the trilaminar germ disc (Fig. 1) (Heuser 1932, Patten 1958, Romer 1962, 
Blechschmidt 1963, Hamilton, Boyd et al. 1972, Patten and Carlson 1974, Gasser 1975, 
O'Rahilly and Müller 1987, Hinrichsen 1990, Carlson 1994, Cochard 2002, O'Rahilly 
2006). As no other CS8 embryo is shown, we will first provide an overview of its 
history, after which we compare the three-dimensional (3D) morphology of the 
Heuser embryo with two other CS8 specimens from the Carnegie collection, i.e. 
specimens No. 10574 and No. 8671, to elucidate whether the Heuser embryo is actually 
‘the best representative of this phase of development in man’ (Heuser 1932).  

History of the Heuser embryo 
The correspondence around the Heuser embryo is well documented at the Carnegie 
collection of the Human Developmental Anatomy Center at the National Museum of 
Health and Medicine in Silver Spring, Maryland, USA and in Heuser’s publication 
from 1932. The donor of the embryo was a 32-year-old mother of four children 
between 11 years and six months of age. During the previous gestational periods, she 
was most uncomfortable due to great weakness, nausea and palpitations. In addition, 
she had complaints such as 15 pounds weight loss and vaginal discharge. She was 
diagnosed with a fibroid uterus, a prolapsed uterus and old lacerations of the perineum 
and vaginal floor. A possible pregnancy was suspected, because the cervix was 
enlarged and slightly elastic, while her last menstrual period was two days late despite 
a usually strictly regular menstrual cycle. Thus, her most recent ovulation was 
estimated at 14 to 18 days earlier. Nevertheless, a hysterectomy took place in 1929, 
since previous and current complaints made a pregnancy unwanted. Dr. Sylvester J 
Goodman, Columbus, Ohio, USA surgically removed the uterus en bloc, dissected it 
and put it in Kaiserling’s solution for fixation (Heuser 1932). The uterus was then 
examined by Dr. JF Baldwin of the John Hopkins Hospital in Baltimore, Maryland, 
USA, but he doubted if there was indeed a pregnancy. To confirm Dr. Goodman’s 
finding, the specimen was send to Dr. Howard Kelly of the Carnegie Laboratory of 
Embryology of the Johns Hopkins Medical School, Baltimore, Maryland, USA. In Dr. 
Kelly’s absence, Dr. George L Streeter, director of the Carnegie Institution, examined 
the specimen and concluded that it indeed involved a pregnancy of 14 to 18 days old 
(Fig. 2-4). The embryo was preserved in 10% formalin, before it was embedded in 
paraffin. Subsequently the specimen was transversely sectioned with a section 
thickness of 5 µm and mounted on 54 slides. After staining with hematoxylin and eosin, 
the specimen was scored as the most excellent histological quality available. 
Moreover, before each section was cut, a photograph was taken of the surface of the 
paraffin block (i.e. episcopic microscopy), according to the method described by 
Osborne O Heard in 1931. Carnegie embryological model maker Mr. Heard created 
wax plates of alternate episcopic images for the preparation of a 3D reconstruction, on 
which Carnegie staff artist illustrator Mr. James F Didusch then based his famous 
drawings (Heuser 1932, Altemus 1992, Wellner 2010). Dr. Erich Blechschmidt, 
Professor at the Georg-August-University in Göttingen, Germany later also created a 
wax reconstruction of this specimen, which is still available in the Blechschmidt 
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collection in Gottingen (Blechschmidt 2004). The histological sections of the Heuser 
embryo are still present in the Carnegie collection of the Human Developmental 
Anatomy Center at the National Museum of Health and Medicine in Silver Spring, 
Maryland, USA.  

Fig. 1. Illustrations of a stage 8 human embryo (3 weeks of development). This dorsal view 
of a three weeks old CS8 human embryo from 1929, specimen 5960 from the Carnegie 
collection, is repeatedly found in embryology atlases since it was first published in 1932 by 
Chester H. Heuser (Heuser 1932, Patten 1958, Romer 1962, Blechschmidt 1963, Hamilton, Boyd 
et al. 1972, Patten and Carlson 1974, Gasser 1975, O'Rahilly and Müller 1987, Hinrichsen 1990, 
Carlson 1994, Cochard 2002, O'Rahilly 2006). A picture of the original specimen before 
embedding is shown. The original drawings are from James F. Didusch, an artist who worked 
for the Carnegie collection between 1913 and 1955. This sole specimen with its three germ layers 
has formed the basis of our embryology knowledge for almost a century. Note the artistic 
freedom and the exaggerated details in some of the later copies, when compared with the 
original cartoon. A dorsal view of the 3D reconstruction of the Heuser embryo was added as 
comparison. Scale bar: 500 µm.  
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Fig. 2. Letter from Dr. George L Streeter to Dr. Sylvester J Goodman, dated August 15, 
1929, confirming the “beautiful early case of pregnancy”. Courtesy of the Human 
Developmental Anatomy Center at the National Museum of Health and Medicine in Silver 
Spring, MD, USA, printed with permission.  
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Fig. 4. A series of original photographs taken at examination of the Heuser embryo. A: photograph of the opened 
uterus, with view on a fluid-filled cystic structure in endometrial cavity (the decidua capsularis). B: The fluid-filled cavity 
was dissected from the uterus and opened. C: Photograph of the specimen in formalin. The yolk sac and connecting stalk 
are still present. Dorsal view on the pear-shaped embryonic disc.  
Note also the axial line, being the developing notochord and primitive streak. Courtesy of  
the Human Developmental Anatomy Center at the National Museum of Health and  
Medicine in Silver Spring, MD, USA, printed with permission. 

Fig. 3. Letter from Dr. Sylvester J Goodman to Dr. George L Streeter, dated August 17, 1929, regarding the presence 
of a corpus luteum. Courtesy of the Human Developmental Anatomy Center at the National Museum of Health and 
Medicine in Silver Spring, MD, USA, printed with permission. 
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Materials and Methods 

Carnegie stage 8 human embryo specimens No. 5960 (the Heuser embryo), No. 10574 
and No. 8671 of the Carnegie collection were used to study the morphology of the 
trilaminar germ disc. The histological features of the three embryos were tabulated in 
table 1. All three specimens were scored as CS8 human embryos based on their 
morphological appearance (O'Rahilly and Müller 1987). High-resolution images of 
the histological sections of all three embryos were acquired with a digital camera 
attached to a Nikon E800 microscope, equipped with Plan Apo lenses and a Ludl 
motorized XY-stage (http://www.ludl.com) at the Carnegie collection of the 
Human Developmental Anatomy Center at the National Museum of Health and 
Medicine in Silver Spring, MD, USA (de Bakker, de Jong et al. 2012). Based on these 
digitized sections, a 3D digital reconstruction was manually generated with the 
software packages Amira (version 5.6; http://www.amira.com) and Blender 
(version 2.76, http://www.blender.org), following the previously published 
reconstruction method of De Bakker et al. (2012 and 2016). Structures were named in 
accordance with the international standard of embryonic terminology, the 
Terminologia Embryologica (2013). Due to the retrospective nature of this study, 
approval of the ethical committee was not needed.  

Results 

For the sake of clarity, we would like to encourage the reader to read the results along 
with the interactive 3D-PDF file in the online data supplement (available online). 

Direct comparison of the histological sections between the Heuser embryo 
(specimen No. 5960) and specimens No. 10574 and No. 8671 is complicated by 
differences in sectioning direction (Table 1). The 3D reconstruction, however, 
overcomes this problem as can be seen in figure 5A or in the supplementary 3D-PDF. 
Embryo No. 10574 seems ahead in development compared to the other two 
specimens, because it is already slightly folding (Supplementary 3D-PDF).  

Yolk sac, amniotic cavity and external morphology 
Specimen No. 5960 has a partly ruptured yolk sac, in specimen No. 10574 the yolk sac 
was almost entirely resected and embryo No. 8671 is the only specimen with an intact 
yolk sac. The amniotic cavity is intact in all three embryos and displays a pyramid shape 
pointing towards the connection stalk. Due to their incompleteness, the extra-
embryonic structures of specimens No. 5960 and No. 10574 were not included in the 
supplementary 3D-PDF.  

Morphology of the germ layers and primitive streak 
The flat embryonic disc, composed out of the three germ layers, is pear-shaped with a 
broad cranial region tapering off toward a narrow caudal end (Fig. 5A, 
supplementary 3D-PDF). In the histological sections, each germ layer follows the 
contours of the adjacent germ layer. In all three specimens, the three different germ 
layers are not in direct contact with each other, but separated by a cell-free zone. The 
distance of this cell-free zone, however, varies between the specimens (Fig. 5B). The 
only interruptions between the cellular borders of the germ layers are the primitive 
streak, and more cranially, the developing notochord. Interestingly, in the primitive 
streak region of the Heuser embryo the endoderm is neither in contact with the 
mesoderm nor with the epiblast (Fig. 5C). This is in contrast to the other two embryos, 
where the endoderm, or hypoblast, is in contact with the primitive streak.  
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All germ layers bulge slightly out dorsally, into the amniotic cavity. Caudal from 
the primitive pit, a primitive streak can be recognized on the dorsal side in all three 
specimens. The primitive streak seen as a longitudinal groove is present in 
embryo No. 5960 with an axial midline elevation at the notochordal 
process (Supplementary 3D-PDF). Such a prominent bulging of the notochordal 
process into the amniotic cavity was not noted in the two other embryos (Fig. 5B). 
Embryo No. 10574 has a remarkable transversal groove, giving it an ‘x-like’ 
appearance in a dorsal view (Supplementary 3D-PDF). This ‘x-like’ appearance 
is also present in the mesoderm and endoderm.  

Table 1: Overview of the studied human Carnegie stage 8 specimens 

CS: Carnegie stage, Year: Year of acquisition, CRL: Calculated crown-rump-length in mm, 
Day: days post ovulation, Plane: Plane of sectioning; o = oblique, t = transversal 
Origin of all three specimens: Carnegie collection: Human Developmental Anatomy Center of 
the National Museum of Health and Medicine Silver Spring, Maryland, USA 
Specimen 5960 is known as the Heuser embryo 

Morphology of the developing notochord 
In the 3D reconstructions, the diverse notochordal structures (i.e. prechordal plate, 
notochordal plate, notochordal process and neurenteric canal) can be identified. We 
will describe them in craniocaudal order, with the primitive streak as caudal boundary.  

The prechordal plate, a loose configuration of mesenchymal cells at the most 
cranial extreme of the developing notochord (Müller and O'Rahilly 2003), can be 
recognized in the midline of all three embryos. Caudal from the prechordal plate, the 
notochordal plate can be appreciated, defined by us as a single epithelial lining of four 
to eight cells wide, cranial to the notochordal process and intercalated in the 
endoderm. In embryo No. 8671, however, the notochordal plate could not be 
identified. Because the notochordal plate is not (yet) present in this specimen, the 
endodermal layer is intact ventrally from the developing notochord. 

CS Specimen 
No. 

Year  Aquired 
through 

CRL 
(mm) 

Day Fixation 
medium 

Staining Plane Section 
thickness 

(μm) 
8 5960 1929 Hysterectomy 1.52 18 Kaiserling Al. Coch. & 

eosin 
o 5.00

8 8671 1949 Hysterectomy 0.61 Unknown Alcohol 
& Bouin 

Hematoxylin 
and Eosin 

t 2.70

8 10157 1967 Hysterectomy 1.16 23 Formol Cason t 5.34
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Further caudal, the notochordal process, a slightly broader and thicker structure 
compared to the primitive streak, can be recognized in the 3D reconstructions of all 
three embryos (Fig. 5). This notochordal process is circular in transverse direction in 
the Heuser embryo, in contrast to the two other specimens, where this perfectly 
circular epithelial alignment is not as clearly present (Fig. 5). In sections of the 
primitive streak, we recognize the neurenteric canal (i.e. a connection between the 
amniotic cavity and yolk sac) in all three specimens. The dorsal entrance of the 
neurenteric canal forms the primitive pit, the cranial margin of the primitive streak. 
Since the neurenteric canal is small and partly collapsed it is not recognizable as an 
open canal on the 3D reconstructions. Histological sections encompassing the 
neurenteric canal are presented in figure 5B. 

Discussion 

Comparison of the three specimens 
Histological sections of only three CS8 specimens are publicly available through the 
Carnegie collection. Because the Heuser embryo is the only CS8 embryo known to 
most embryologists and embryology lecturers, a comparison with two other CS8 
embryos seems appropriate. It remains difficult, however, to conclude what the 
specific 3D morphology of a CS8 embryo truly is. By all means we can conclude that 
the primitive pit and groove, as drawn in all illustrations of the Heuser embryo (Fig. 1), 
were indeed present in all three studied specimens.  

The extra-embryonic structures of the three embryos, - the yolk sac, amniotic 
cavity and connection stalk - are similar, apart from the damage before and during the 
dissection process. The embryos show no unexpected variation in 3D appearance, 
other than the differences described in the results section concerning the developing 
notochord and the transversal groove in the embryonic disc of specimen No. 10574. 
This extra groove is most likely an artifact due to the fixation or embedding process. 
Concerning the difference in notochord development, the Heuser embryo has a round 
and prominent notochordal process pushing the overlaying ectodermal layer into the 
amniotic cavity (Fig. 5B). Heuser, in 1932, dubbed this contour the primitive node. 
This prominent appearance is not found in the two other reconstructed specimens. 
Interestingly, the structure is described in another CS8 embryo that was described in 
literature, the Rossenbeck embryo (Rossenbeck 1923). Moreover, the notochordal 
process, which is round in the Heuser embryo, is not round but a clustered mass of 
cells surrounding the neurenteric canal in the two other specimens (Fig. 5). This 
morphological discrepancy on the histological sections is probably due to differences 
in sectioning plane.  

In the histological sections of the three specimens, the distance between the 
germ layers varied (Fig. 5B). It is very unlikely that these distances reflect the in vivo 
situation. The variations are more likely to be artefacts caused by fixation of the 
embryos (e.g. shrinkage by salts in Kaiserling’s solution in case of the Heuser embryo 
(Heuser 1932).  
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Fig. 5. Comparison of the three CS8 specimens. A: Ventral and lateral views on the 3D 
reconstructions of three CS8 specimens. From left to right, at increasing age, specimens Nos. 
8671, 5960 (The Heuser embryo) and 10574 are presented. The pear-shaped epiblast or 
ectoderm is shown in transparent blue, the endoderm and mesoderm are not displayed. A color 
legend representing the used colors is placed on the left. The developing notochord can be 
recognized cranially of the primitive streak. At the most cranial extreme of the developing 
notochord a broader area can be recognized as the prechordal plate. The primitive streak 
becomes relatively shorter when the embryo becomes older, while the notochordal plate, 
defined by us as a single epithelial lining of four to eight cells width cranial to the notochordal 
process and intercalated between the endoderm, increases in relative length. Cr; cranial, Ca; 
caudal. B: Histological sections taken at the level of the solid black lines in A, encompassing the 
neurenteric canal of all three specimens (black arrows). The region of the neurenteric canal is 
marked with a dotted line. Note how the prominent round notochordal process in the Heuser 
embryo pushes the ectoderm dorsally into the amniotic cavity (dotted arrow). This bulging is 
not noted in the other two specimens. Also, the distance between the three germ layers is most 
prominent in the Heuser embryo. D; dorsal, V; ventral. C: Histological sections taken at the level 
of the dotted lines in A, showing the relations between epiblast/ectoderm (E), mesoderm (M), 
and hypoblast/endoderm (H/E) in the region of the primitive streak (PS). Note the significant 
distance between hypoblast/endoderm and all other structures in the section from the Heuser 
embryo, compared to the other two specimens. D; dorsal, V; ventral. 
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Embryo No. 8671 has a sagittal sectioning plane with a calculated section thickness of 
2.7 μm (de Bakker, de Jong et al. 2016), which complicates the determination of the 
true shape of the notochordal process that is only 30μm in diameter. This embryo 
encompasses no notochordal plate and the endodermal lining is present ventral to the 
developing notochord (Supplementary 3D-PDF). Cranial to the neurenteric canal, 
the developing notochord can be appreciated as a multi-layered cell cluster as 
described in the Odgers embryo in which it is referred to as the chorda plate (Odgers 
1941). The latter, however, is not similar to the notochordal plate, which is only one 
cell layer thick and lies intercalated in the endoderm. Specimen No. 10574 is already 
slightly folding and has a single epithelial-lined notochordal structure: the 
notochordal plate. This plate is not seen in specimen No. 8671.  
 Most textbooks currently describe or display the disappearance of the floor of 
the notochordal process, thereby forming the notochordal plate (Hamilton, Boyd et 
al. 1972, Tuchmann-Duplessis, David et al. 1982, Sadler and Langman 2005, Cochard 
2012, Moore, Persaud et al. 2013, Carlson 2014). This hypothesis is based on 
observations in several embryos with intermitted discontinuation of the floor of the 
neurenteric canal (Müller and O'Rahilly 1987, O'Rahilly and Müller 1987). The 
neurenteric canal, however, does not encompass the whole axial length of the 
developing notochord. This observation makes it unlikely that the notochordal plate 
arises from the disappearance of the floor of the neurenteric canal. Moreover, 
disruptions in such delicate structures are easily caused by artefacts during the 
preservation and processing of the specimen. The multi-layered structure that 
O’Rahilly refers to as the notochordal plate in specimen No. 10574 is more likely to be 
the gradual transition from the notochordal plate to the notochordal process (Müller 
and O'Rahilly 1987). To the best of our knowledge, there are no publically available 
sections of other well-preserved CS8 embryos to further evaluate these differences. 
Moreover, the human notochordal development differs too much from mouse or 
chicken embryology to use laboratory animals instead (de Bakker, de Jong et al. 2016). 
 In conclusion, the three embryos are fairly similar, as the morphological 
variation in the developing notochord can be explained by subtle differences in age 
within the time frame of CS8 (17-19 days). On morphological grounds (i.e. the 
presence and length of the notochordal plate and the degree of folding of the 
embryo), the youngest appears to be specimen No. 8671, followed by the Heuser 
embryo specimen No. 5960 and finally the specimen No. 10574 which seems to be the 
oldest of the three.  
 
Illustrations in text books 
Since Heuser’s publication 1932, the Heuser embryo has been presented as the typical 
example of a human CS8 embryo and has served as a reference to create illustrations 
of a gastrulating human embryo in almost all major embryology textbooks and atlases 
(Heuser 1932, Patten 1958, Romer 1962, Blechschmidt 1963, Hamilton, Boyd et al. 
1972, Patten and Carlson 1974, Gasser 1975, O'Rahilly and Müller 1987, Hinrichsen 
1990, Carlson 1994, Cochard 2002, O'Rahilly 2006). In figure 1, an overview is 
presented of the ‘evolution’ that this illustration has undergone in almost 100 years. 
Some of the more recent illustrations are schematic representations of the Heuser 
embryo, whereas others resemble the original drawings by James F. Didusch quite 
well. Comparison between these illustrations reveals the difference in interpretation 
of the morphology of this specimen in the different textbooks. We noticed that in 
nearly all textbooks it remains elusive whether the authors themselves assessed the 
sections of the embryo or redrew the embryo from previous illustrations. In most 
cases, especially when more schematic illustrations are used, references to previous 
sources are lacking.  
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Although some copies closely resemble the original, in others details were left out of 
the illustration or were exaggerated, in particular in the more recent illustrations (Fig. 
1). In this respect, it is relevant to note that our 3D reconstruction of the Heuser 
specimen closely resembles the original drawing by Didusch (Fig. 1, panel 2). An 
interesting aspect concerns the prominent contour of the notochordal process on the 
dorsal side of the embryo, which is depicted as one of the major features of the Heuser 
embryo in all illustrations in figure 1 (Heuser 1932, Patten 1958, Romer 1962, 
Blechschmidt 1963, Hamilton, Boyd et al. 1972, Patten and Carlson 1974, Gasser 1975, 
O'Rahilly and Müller 1987, Hinrichsen 1990, Carlson 1994, Cochard 2002, O'Rahilly 
2006). Since the other two studied CS8 specimens or embryos from subsequent 
stages (de Bakker, de Jong et al. 2016) lack this prominent contour, it is doubtful 
whether the Heuser specimen is actually representative enough, at least with respect 
to this characteristic, to serve as standard model for CS8 embryology. It is worrying 
that current knowledge of the human trilaminar germ disc is based on one single CS8 
specimen and its ever-changing appearance in textbook illustrations.  

3D visualization 
To compare human embryos that are sectioned in different planes, 3D reconstructions 
are useful to visualize the complex morphological appearance. The 3D reconstructions 
are directly linked to to the original sections of the specimen from the Carnegie 
collection (de Bakker, de Jong et al. 2016). In addition, 3D reconstructions are superior 
to get grip on the intricate morphogenesis of the human embryo, because they 
facilitate better understanding of morphology and anatomy (Chekrouni 2017). In this 
respect, the use of episcopic photographs of the surface of the paraffin block is 
superior to the use of histological sections for the creation of 3D reconstructions 
because they are perfectly aligned and do not contain artifacts due to the sectioning 
process. We, however, did not identify significant differences between the original 
3D wax reconstructions made by Osborne O Heard, that were based on episcopy (Fig. 
6), and our own sections-based 3D digital reconstruction of the Heuser embryo.  

There are, however, limitations to the accuracy of the 3D reconstructions. 
Manual segmentation of embryonic structures requires that borders have to be drawn 
although such clear anatomical borders might be hard to distinguish in the histological 
sections (de Bakker, de Jong et al. 2012, de Bakker, de Jong et al. 2016). The exact 
border between ectoderm and epiblast, for instance, cannot be identified in the 
histological sections without specific staining. The sections of the Carnegie collection 
are not stained with a specific marker that enables to differentiate between anatomical 
structures on a molecular level.  
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Fig. 6. Original images of the 3D wax reconstructions of the Heuser embryo, made by 
Osborne O Heard around the year 1930 A: Ventral view on the endodermal germ layer. B: 
Lateral view. Note the prominent notochordal process (dubbed the primitive node by Heuser 
in 1932) pushing the overlaying ectodermal layer into the amniotic cavity. C: A second wax 
model that presents the intra- and extra embryonic structures in a longitudinal plane. Courtesy 
of the Human Developmental Anatomy Center at the National Museum of Health and Medicine 
in Silver Spring, MD, USA, printed with permission. 

In conclusion, the Heuser embryo appears to be practically the only embryonic 
specimen on which our current global textbook knowledge concerning the human 
trilaminar germ disc is based. Although the difference in artist’s impressions of the 
Heuser embryo might not have direct consequences, the lack of references in 
textbooks is a worrying trend. We generated 3D reconstructions of the Heuser embryo 
and two other CS8 embryos and observed some developmental and morphological 
differences. These differences can be appreciated in 3D reconstructions, facilitating 
better understanding of the complex morphological development of these early 
staged embryos.  

Acknowledgments 

The authors would like to acknowledge Professor Robert J Cork and Professor Raymond F 
Gasser of the Virtual Human Embryo project (http://virtualhumanembryo.lsuhsc.edu) at the 
Louisiana State University Health Science Center in New Orleans, USA, and Elizabeth Lockett 
and Emily Wilson of the Human Developmental Anatomy Center at the National Museum of 
Health and Medicine in Silver Spring, MD, USA for their support and the willingness to provide 
pictures of the sections of human embryos of the Carnegie collection. Thanks to Kees H de Jong 
for his expertise in embryology and to Maurice JB van den Hoff for critically reading the 
manuscript. Reggie Schildmeijer and Jeroen Pouw are acknowledged for modeling the CS8 
specimens and Jaco Hagoort is gratefully acknowledged for creating the supplementary 3D-
PDF. Antoon FM Moorman is acknowledged for facilitating the 3D Atlas project. 



3D ATLAS OF HUMAN EMBRYOLOGY 

	102 

References 

(FIPAT) FIPoAT. 2013. Terminologia Embryologica, International Embryological 
Terminology. Stuttgart: Georg Thieme Verlag KG. 

Altemus AR. 1992. The life and work of James F. Didusch. J Biocommun 19(2):8-21. 
Blechschmidt E. 1963. The Human Embryo - Documentations on kinetic anatomy. 

Stuttgart: Schattauer. 
———. 2004. The Ontogenetic Basis of Human Anatomy, A Biodynamic Approach 

to Development from Conception to Birth. Berkeley, California: North 
Atlantic Books. 

Carlson BM. 1994. Human Embryology and Developmental Biology. Saint Louis: 
Mosby. 

———. 2014. Human Embryology and Developmental Biology, 5th Edition. 
Philadelphia: Elsevier Saunders. 

Chekrouni NK, Kleipool, RP; de Bakker, B.S. 2017. Validating the use of the 3D Atlas 
of Human Embryology in the biomedical curriculum, in preparation. 

Cochard LR. 2002. Netter's Atlas of Human Embryology. Teterboro, New Jersey: 
Icon Learning Systems. 

———. 2012. Netter's Atlas of Human Embryology. Philadelphia: Saunders Elsevier. 
de Bakker BS, de Jong KH, Hagoort J, de Bree K, Besselink CT, de Kanter FEC, 

Veldhuis T, Bais B, Schildmeijer R, Ruijter JM et al. . 2016. An interactive 
three-dimensional digital atlas and quantitative database of human 
development. Science 354(6315):aag0053. 

———, de Jong KH, Hagoort J, Oostra RJ, Moorman AF. 2012. Towards a 3-
dimensional atlas of the developing human embryo: the Amsterdam 
experience. Reprod. Toxicol 34(2):225-236. 

Gasser RF. 1975. Atlas of Human Embryos. Hagerstown: Harper and Row Publishers. 
Hamilton WJ, Boyd JD, Mossman HW. 1972. Human Embryology, Prenatal 

development of form and function. Cambridge: Heffers Printers Limited. 
Heard OO. 1931. A Photographic Method of Orienting Serial Sections for 

Reconstruction. The Anatomical Record 49:59-70. 
Heuser CH. 1930. A presomite human embryo with a germ-disk measuring about 

1.6x0.9 mm. Anat Rec 45:219. 
———. 1932. A presomite human embryo with a definite chorda canal.  23:251-267. 
Hinrichsen KV. 1990. Human Embryology (Humanembryologie). Berlin Heidelberg: 

Springer-Verlag. 
Keibel F, Mall FP. 1910. Manual of Human Embryology, Volume I. Philadelphia & 

London: J.B. Lippincott company. 
Moore KL, Persaud TVN, Torchia MG. 2013. The Developing Human, Clinically 

Oriented Embryology, 9th edition. Philadelphia: Elsevier Saunders. 
———, Persaud TVN, Torchia MG. 2016. The Developing Human: Clinically 

Oriented Embryology, 10th edition. Philadelphia: Elsevier. 
Morgan LM. 2004. A social biography of Carnegie embryo no. 836. Anat. Rec. B 

New Anat 276(1):3-7. 
Müller F, O'Rahilly R. 1987. The development of the human brain, the closure of the 

caudal neuropore, and the beginning of secondary neurulation at stage 12. 
Anat Embryol 176(4):413-430. 

———, and O'Rahilly R. 2003. 'The prechordal plate, the rostral end of the 
notochord and nearby median features in staged human embryos', Cells 
Tissues Organs, 173: 1-20. 



The story of Carnegie stage eight embryo 5960; ‘The Heuser embryo’	

103 

2.3 

O'Rahilly R, Müller F. 1987. Developmental Stages in Human Embryos, Including a 
Revision of Streeter’s ‘Horizons’ and a Survey of the Carnegie Collection. 
Washington: Carnegie Institution of Washington. 

———, Müller F. 2010. Developmental Stages in Human Embryos: Revised and New 
Measurements. Cells Tissues. Organs 192(2):73-84. 

———, Müller F. 2006. The Embryonic Human Brain: An Atlas Of Developmental 
Stages. Hoboken: John Wiley & Sons. 

Odgers PN. 1941. A presomite human embryo with a neurenteric canal (embryo 
R.S.). J. Anat 75(Pt 4):381-388.

Patten BM. 1958. Foundations of Embryology. New York: McGraw-Hill. 
———, Carlson BM. 1974. Foundations of Embryology, 3rd edition. New York: 

McGraw-Hill Book Company. 
Romer AS. 1962. The Vertebrate Body. Philadelphia: W.B. Saunders Company. 
Rossenbeck H. 1923. Ein junges menschliches Ei. Ovum humanum Peh. 1—

Hochstetter. Anatomy and Embryology 68(1):325-385. 
Sadler TW. 2015. Langman's Medical Embryology, 13th Edition. Philadelphia: 

Wolters Kluwer Health. 
———, Langman J. 2005. Langman's Essential Medical Embryology. 

Baltimore/Philadelphia: Lippincott Williams & Wilkins. 
Tuchmann-Duplessis H, David G, Haegel P. 1982. Illustrated Human Embryology, 

Vol.1 Embryogenesis. New York: Springer. 
Wellner K. The Embryo Project Encyclopedia - Osborne Overton Heard [Internet]. 

https://embryo.asu.edu/pages/osborne-overton-heard-1890-1983. 




