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TABLE OF CONTENTS embryos cannot be arranged in a perfect series, because any
Introduction 3 given specimen may be advanced in one respect while
Materials and methods 4 being retarded in another, and (i) that it may prove
Results 5  impossible to match a new embryo exactly with any one of
Discussion 21 the illustrated norms’. In 1914, only on the basis of
References 2o photographs of their external form, Mall arranged 266

fixed human embryos, 2—-25 mm in length, in a series of 14
Determination of embryonic age groups or stages has stages, lettered from Hto U. In 1958, de Beer proposed that

been based on the Carnegie Institute collection started in ©ach developmental stage ‘is merely an arbitrarily cut

1887. Improved technology has enabled the building of a S€ction through the time-axis of the life of an organism’.
new collection of embryos of <9 weeks gestation: these Stages are based on the apparent morphological state of

were then used to compare with the original Carnegie development and therefore are not directly dependent on
collection. The results suggest that in providing definitive ~ €ither chronological age or size; furthermore, comparison
stages that are rigidly bound by developmental events, IS made on a number of features of each specimen so that
limitations are p|aced on Categorizing the embryo_ individual differences are less Significant. In 1942, Streeter
Allocation of embryos to a specific stage can assist in provided a definitive classification of the human embryo
identifying post-ovulatory age but overlaps between into ‘developmental horizons’, and subsequently reported

stages could lead to classification into an incorrect stage. that stage 23 ‘could be considered to mark the end of the

Kev words developmental stages/embrvo/mifenristone embryonic period’ and that the onset of marrow formation
y ' P 9 y P in the humerus was ‘arbitrarily adopted as the conclusion
of the embryonic and beginning of the fetal period of

Introduction prenatal life’. The term ‘stage’ is now confined to the

Much of the early work on the development of the embryBresent day usage in all forms of embryology, such as the
was done on non-mammalian species as the embryos wéfestages of the chick (and the 46 stages ditiigystoma
more accessible. At the turn of this century human materiglaculatum Stages 10-23 were published either by
was collected and each embryo was thorough|§treeter (1942, 1945, 1948, 1951) or with the aid of his
investigated; the largest and most comprehensiveliotes (Heuser and Corner, 1957);in 1987 and again in 1993
investigated collection of tissue was held at the Carnegf¢Rahilly and Muller reported updates of Streeter’s
Institute, Washington, USA. The Carnegie collection oprevious accounts. The age of embryos from stage 14
human embryos was based on the original work initiated [nwards proved increasingly greater than those given by
Franklin P.Mall in 1887. Although in 1887 His and KeibelStreeter which were based on comparisons with macaque
discussed the idea of staging of the embryos (O’Rahilgmbryos; such comparisons are now known not to be
and Miller, 1987), two limitations were stated by Keibelvarranted. Stages 1-9 were published by O’Rahilly in
and Elze in 1908 ilNormentafeln (i) that ‘individual 1973. Of the ~600 sectioned embryos in the Carnegie
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collection that are assigned to the 23 stages, the majori%

are listed as normal although variations and ever® *°] E mensinal 2€e
anomalies of individual organs are known to occur. Mall ¢ |
and Meyer (1921) stated that ‘as our knowledge of the
normal becomes more complete, we find that more an@ 4
more young embryos which formerly were regarded as
normal are not really so... it remains impossible, even atthe 20
present time, to determine in all cases whether we are
dealing with a normal or an abnormal specimen, even after  9-
it has been mounted in serial sections'. Converselyb 35 -
O’Rahilly and Miiller (1987) indicated ‘that every minor
defect would not necessarily lead to a recognizable
anomaly in later life’. Drumm and O’Rahilly (1977)
confirmed, ultrasonicallin vivo, that an embryo of 30 mm 3 E
is normally 8 weeks post-ovulation. Dickey and Gasse¥ ™7

(1993) compared the crown—-rump length (CRL) 1
measurements frpm _ in-vitro _ fertilizatiqn (IVF) Z:Eﬁl] Eﬁ[il]l]l]
pregnancies in the first trimester with those given for each

developmental stage by O’Rahilly and Mdllerin 1987. Theg 2.00 -
findings were a 5 day difference between the earliest and 1.75 -
latest post-ovulation ages from previously reported data 150 4 L

(Robinson, 1973; O’Rahilly and Muller, 1987); the CRLS_%’ 1.25 -

were greater on average than their mean measurements:#n'-% -
0.75

post ovulation

[0 CRL (mm)

30 1 B Camegie CRL

any given day from their study. Also, a 2-fold difference in _

size between embryos of identical post-ovulation age gzg

following IVF and gamete intra-Fallopian transfer (GIFT) . | . __.=L::E]DE|H AL
proved that human embryos differ in their early growth and 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

can still develop normally. MacGregeral.(1987) timed
ovulation by either repeated ultrasound or by luteinizing

hormone (LH) surge and subsequently measured CRL; t .
Its f thi tud tibl ith th igure 1. (a)Menstrual (calculated from last mentsrual period) and
resufts trom this study were compatble wi ose o ost-ovulatory (calculated from embryological development) age,

D|Ckey and Gasser (1993), eSpeCIa"y Where aI‘tIfICIa eant SEM, at each stage of embryonic deve|opmna94)_(b)
insemination was performed. In 1994, Diclatyal.stated  Mean+ SEM crown—rump lengths from the current study and from
that ‘embryos grow at the same rate throughout the part &fRahilly and Miiller (1987) at each of the developmental stages
the embryonic period visible with ultrasound so that soméCarnegien = 353; current study = 310).(c) Meant SEM weight

. . ?f the embryos at each stage of developmenrtZ82).
embryos complete the embryonic period of developmen

sooner than others’. This could only be explained by a _ _
variation in either the time of implantation or rate of growtnd: therefore, how accurate previous observations were.

and development. A new study was therefore initiated with _first trimester

A large proportion of the Carnegie Institute's material wa8Uman embryos, from a normal population of women
obtained from spontaneous abortions. With regulatiof§duesting a medical termination of pregnancy for social
governing both the act of terminating a pregnancy and tigasons and compared with the established Carnegie
subsequent disposal of the tissue differing from country to'Stitute series (Figure 1).
country, or even state to state, the collection of a continuous
normal population of material remained diffic Material  Materials and methods
for the Carnegie Institute was collected throughout the . )
USA and immersed in fixative before being forwarded té0/€ction of specimens
the Institute. This meant that those observing th&he subjects used in this study were all referred by local
developmental features of the embryos had little accessftmily planning services and general practitioners with
fresh material. Consequently, the question arises of how63 days amenorrhoea and requesting termination of
representative a spontaneous abortion of any given stageisegnancy. Pregnancy was confirmed by the measurement

Carnegie Stages
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of serum human chorionic gonadotrophin (HCG; Biostdeading to the development of the caudal and rostral
Ltd., Stockport, Cheshire, UK) and, in some cases, hyeuropores and later their closure; the number of visible
transabdominal ultrasound scanning. Exclusion criteripaired somites, used only in the early stages of
included those with evidence (ultrasound scanning) afevelopment, the emergence of the forebrain vesicle and the
multiple pregnancies, those with a history of serious medicBfth ventricle, the development of the optic vesicle from the
disorders and those aged <17 years. All patients wesppearance of the optic sulcus through the appearance and
administered varying doses of mifepristone (RU486) onlosure of the lens disc in the optic evagination; the
their first day of admission onto the programme and varyingppearance of retinal pigment, the development of the
doses of prostaglandins 48 h later as part of a series of studigslids to the point where they completely cover the eye; and
arrived at developing a safe, effective method of inducinthe appearance of the pharyngeal arches through their
abortion medically (Camerat al, 1986; Rodger and Baird, subsequent development and then separatibm the
1987, for review Baird, 1993). On the day of administrationlifferent parts of the external ear and mouth; the
of prostaglandins, the patients were admitted to hospita@ppearance and development of both of the limb buds, at
examined 4 h after the administration, and any products differing times, from the ectodermal ridges through the
conception found were carefully removed from the cervicalifferentiation of the limb bud into the hand/foot, arm/leg,
0s, vagina or collected in bedpans. The tissue was transferegttl forearm/thigh to the appearance of the digits, the
to the laboratory in a sterile container and a dissection aneression of the interdigital notches and, occasionally, the
thorough examination, using a light dissecting microscopermation of the outline of the joints and nails; also included,
(Wild) with the addition of an external fibre optic light on older embryos, was the development of the umbilicus with
source was carried out. A careful record of the condition ththe consequent regression of the secondary yolk sac and the
specimens arrived in, weights (on a four decimal placgevelopment and regression of the tail bud. For each given
balance) and measures (using 1 mm graph paper undestage, the embryos had to agree on a majority of points before
dissecting microscope) of the embryo (where applicabldjaving their classification accepted.
and photographic records were produced. Varying All developmental measurements were the
parameters were established to identify the embryonresponsibility of one person thus avoiding inter-operator
specimens at different stages of development, these stagasation. The results section gives the parameters by
having previously been established by the carefwlihich the Carnegie Institute reported their results. This is
examination of many specimens at the Carnegie Institutefollowed by a summary of the findings from this study.
Washington, US. Based on their external developmental
anatomy, each embryo was allocated to a group which was
defined on the basis of previous work published by the
Carnegie Institute, and the results compared with those
previously published. Results

This work was approved by the sub-ethics committee for
Paediatrics and Reproductive Medicine of the Lothia

Research Ethics Committee, UK. Hhe descriptions of all stages were based on the data

collected by the Carnegie Institute, Washington, USA
(O’Rahilly and Miiller, 1987). A total of 310 embryos in
good or excellent condition were collected and the range of
Data collection embryonic lengths, and the age allocated by the Carnegie
Institute for each of thembryonic stages are listed in
In order to identify the anatomical differences in a normalable I. Figure 1 demonstrates the relationship between the
population of embryos the analysis has had to rest onpast-ovulatory (established from embryological determin-
visual description, drawings and photographs, the majation of age) and menstrual ages, the CRLs set by the
difficulty occurring when the more advanced embryos itCarnegie Institute and those measured in the current study;,
one stage and the least advanced in the next stage seemedhtbthe weight of the embryos, against each of the given
overlap in most of the points of reference. VaryingCarnegie stages. Inthe current study the number of good or
parameters were established to contribute in identifyingxcellent embryos collected, the embryonic length
different stages and these were routinely noted along wifmeasured on fresh tissue), and the menstrual age were all
other relevant features. reported for comparison. All individual descriptions of the
The features used were the appearance of the primitieenbryos used in the current study are found in the
streak and the progressive fusion of the neural foldgppendix.
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Table I. Comparison of data from Carnegie study with current data

Carnegie data Present study?
Stage No. embryos CRL (mm) Post-ovulatory No. embryos CRL (mm) Menstrual
age (days) direct age (days)

7 7 0.4 16 2 455+8.5

8 21 1-15 17-19 3 25+05 395+3.7

9 2 15-2.5 19-21 2 25+05 45+0
10 11 2-35 21-23 13 29+0.1 452+16
11 20 2.5-45 23-25 14 3.2+0.2 44 +0.9
12 23 3-5 25-27 28 42+0.2 495+1.2
13 22 4-6 28 34 5.6+ 0.2 50.2+0.8
14 37 5-7 32 27 7.2%02 51.9+0.8
15 24 7-9 33 25 8.7+1.2 52.2+0.8
16 36 8-11 37 28 10.0+0.2 543+1.2
17 27 11-14 41 30 12.2+0.3 54.8+1.0
18 33 13-17 44 21 14.8+0.5 55.9+0.9
19 22 16-18 47-48 24 16.9+0.3 58.3+0.7
20 15 18-22 50-51 24 18.1+0.3 57.9+0.6
21 17 22-24 52 18 22.3+0.6 59+19
22 15 23-28 54 8 228+1.0 64 +5.0
23 21 27-31 56-57 9 23.7+0.8 639+1.1

aData included were only from patients with known last menstrual period dates.

Stages 7 and 8 Stage 9

Stage 7 is characterized by the appearance of the notochgkelge 9 is reached at ~20l days post-ovulation, and is
process rostral to the primitive node and streak, 16 dagefined by the number of paired somites present (between
post-ovulation. one and three); the neural folds should also be developing.
Stage 8 is characterized by the appearance of thi@e size of this embryo can vary from ~1.5-3 mm in length
primitive pit, the notocordal canal, and the neurenteridepending on the turning and curvature of the specimen.

canal and is found 181 days post-ovulation. From the dorsal plane the embryo is frequently described

Prior to stage 9, four specimens were collected and as¢ shaped like the sole of a shoe. Many embryos display
briefly tabulated as follows. dorsal concavity or lordosis, and although abrupt bends
and kinks are artefacts ‘anything from a gentle convexity to

Summary a moderate dorsal concavity must be considered normal’

As there are few parameters set for these stages, and dugdeuser and Corner, 1957). Two specimens were
the undeveloped state of the embryos, it was found that trezovered from intact termination material.

differences between our findings and those of the Carnegie

Institute were negligible. At stage 7 only two embryossummary

were identified; neither had a primitive groove andrp. gifferences between the two embryos at this stage
although tissue in the central area gave the appearance g g e from having no differentiation of the cardium, a vis-
compacted ball of cells, there were no gross featurgsie ontic disc and three somites, to cardiac differentiation,
identifiable. Three embryos were found to have the, \sihle optic disc and three somites. The embryonic
features described by O’Rahilly and Miiller at stage ?éngth was 2.5 0.5 mm, and the menstrual age 45 days.
(Figure 2). All gave the appearance of a primitive groovjue gifterence was found between the two embryos studied

two showed a slight decrease in the area of attachmentQq \hqse previously reported by the Carnegie Institute.
the secondary yolk sac, and one showed the beginnings of

the development of the pericardial cavity. The menstru%tage 10
age was 45.5 8.5 days for stage 7, and 32.8.7 days for
stage 8. The embryonic length for stage 8 wag2% In stage 10, at a post-ovulatory age of #22 days, the
mm, with a maximum length of 3 and a minimum length o€haracteristic features include 4-12 paired somites; the
2 mm; no attempt was made to measure the embryomossible appearance of the optic sulcus in the forebrain and
length in group 7. an indication of the invagination of the optic disc; the
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Figure 2. Photograph illustrating a medial view of a stage 8 (Ru 377) embryo showing the secondary yolk sac and the primitiv@ atietak (ps
the connecting stalk. Stage 8 is characterized by the appearance of the primitive pit, the notocordal canal and theqamaleBiaric 1 mm.
The photograph was taken prior to fixation.

visible development of the first pharyngeal arch, with thevhereas the optic sulcus was noted in only , could not
isible devel f the fi h | arch, with thevh h ic sul di ly 3/13 Id
possible formation of théwyoid arch and the maxial be seen in specimens and no note was taken of its
ible f ' f thenyoid h and th ial b in 5/13 [ d ki fi
processes and the fusion of the neural folds (either imminestatus in five specimens. The menstrual age wast4b6
or in progress), thus forming the rostral and caudalays and the embryonic lengt .12 mm.
[ ), thus formi h | and dal dth bryonic length 2.9.12
neuropores. This is the start of the formation of the neural
tube; at this point its stage of development can vary frorfitage 11
completely open to closed from the rhombencephalon FQpproximater 24+ 1 days post-ovulatory; prominent
below the level of the last visible somite. By the end of thif, ;¢ res  include 13-20 paired somites; the ofic
stage, the cardiac tube and pericardial cavity are becomiﬂﬂ/agination is occasionally apparent aé a slight
dominant features of the developing embryo, the umbilicgle e ssion this is due to the refraction of its thick
vesicle is developing although the secondary yolk sac is sl yins: hoth pharyngeal arches (mandibular and hyoid)
dominant. There is also an increase iretimbryonic length 5 i evidence and the rostral neuropore is closing (usually

and, at this stage, any degree of lordosis (concavity) & en witte19 somites in the more advanced embryos of the

considered normal. _ group) or is near to closing (in the least advanced members
A total of 13 embryos were collected from this stage aftelt \he group) during this stage. The neural tube is the key

termination of pregnancy, of which 11 of the gestational saggyerminant for the identification of this stage in which, in

were received in an intact condition (Figure 3). the least advanced members of the group, the fusion of the
neural folds has extended rostrally to the region of the
Summary midbrain. A total of 14 specimens were collected from this

The overall findings among this group of embryos werétage (Figure 4).

that the neural groove did not start to close until between

the formation of the sixth and seventh somites, a pericardia¢mmary

cavity could be easily identified in 11/13 samples (tw@t this stage, the embryos were mainly classified
were not noted), the range of paired somites was 5-1&;cording to the number of somites and the condition of the
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Figure 3. Photograph illustrating a left lateral view of a stage 10 embryo (Ru 124). Stage 10 is characterized by the appearapeged 4—12
somites, the optic sulcus, the otic invagination, the development of the first pharyngeal arch and the fusion of thelsieTingd fainbryo
demonstrates the neural closure extending from the level of the last somite (s) to the cardiac tube leaving the caudzttahjrajdeuro-
pores open. The cardiac tube (ct) in the pericardial cavity is highly visible, as is the secondary yolk sac (ys). Barkehotograph was
taken prior to fixation. Further information on these and other stage 8 and 10 embryos can be found in the Appendix.

closing neural tube. The specimens in this stage were founthich is conditioned by the amount of flexion or curvature;
to have 13-20 somites; in only 3/14 specimens was tlieree pharyngeal arches are found by the end of this stage,
rostral neuropore found to have closed, in 9/14 it was stélllthough on occasion four may be noted; the caudal
open, its status was not noted in two, and there was neuropore is closed by the end of the stage; the otic vesicle
difference in the number of somites as to whether this almost closed and the fore or upper limb buds may make
rostral neuropore was closed or open. In all specimensaa appearance. The number of somites recognized in this
pericardial cavity was noted and in 10/14 samples songgoup are from 21 to 29, but one is often not visible, unless
type of cardiac convolutions were apparent. The number séctions have been cut, as it is contributing to the
pharyngeal arches noted ranged from none (two spetiypoglossal canal. With this in mind the number of somites
mens, at either end of the range of paired somites), and #exepted into this stage for this study has ranged from
mandibular and hyoid arches present (10 specimens, fouRt--28. A total of 28 embryos were found to match the
throughout the sample range). All specimens but one wetéteria for this stage (Figure 5).

found to have a visible otic invagination. The menstrual

age was 44.@¢ 0.9 days and the embryonic length 3.2 Summary

0.22 mm. Key findings of this stage were that the numbgthe 28 specimens allocated to this stage were found to
of somites had no influence on the development of thgave 20-28 somites. In 15/28 the rostral neuropore was
pharyngeal arches or the closure of the neural tube.  found to be closed, 4/28 were found with it still open, and
the rest were not noted; for the caudal neuropore 15/28
Stage 12 were found to be closed, 3/28 open, and the rest not noted;
in 4/28 specimens the caudal neuropore was found to be
The characteristics by which the 12th stage is recognizetbsed before the rostral neuropore. In only 3/28 samples
are as follows; 2& 1 days post-ovulation; a 3-5 mm CRLwas the upper limb bud present, with the cardiac tube
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Figure 4.Photographs illustrating the variations found in the external form encountered in stage 11 embryos. Stage 11 is chyheteiethb

ance of 13-20 somites, two pharyngeal arches and the closure of the rostral neuropore. Bar = 1 mm, and the photogrepisioreeftation.

(A) Ru 52; the right lateral view showing the cardiac tube (ct), the otic invagination (0), the mandibular arch (ma) aatittier{at)r The somites

are distinguishable, slight damage can be seen toward the top of the spinal cord and the yolk sac attachmenBjsRui&Sinthe right lateral view
showing the optic evagination (op), the cardiac tube (ct) and the secondary yolk sac (ys). The somites and the spiistitguisheble §) Ru 87;

the right lateral view showing the embryo in the intact amnion (a), the cardiac tube (ct), the optic evagination (ogcandang wolk sac (ysDj

Ru 136; the left lateral view illustrating the yolk sac (ys) and the unclosed caudal neuropore (cn). The cardiac tubegsosti@sneuropore are all
distinguishable.K) Ru 181; the left lateral view showing the closure of the neural tube from below the last somite to opposite the otioimvagina
leaving the rostral (rn) and caudal (cn) neuropores open; also shown is the yolk sac (ys). The somites and the caeditstindugstzable; note that
pericardial covering is abseriE) (Ru 568; the right lateral and ventral view showing the mandibular (ma) and hyoid (ha) arches, and the cardiac tube
Also distinguishable are the yolk sac, the somites and the umbilical connection, found below the yolk sac stalk.

showing convolutions in 13/28till seen as a tube in 10/28 assumed that the fusion of the neural folds had extended
of specimens and not noted in the rest. The majority obstrally into the region of the midbrain.

specimens were found to have three pharyngeal arches,

19/28 with an equal distribution having one, two, four o[Stage 13

not being noted as to their status. The weight range for this

stage was 0.0011-0.0444 g, with a mean of 0.0446 Stage 13, at 28 days post-ovulation, is characterized by a
0.0021 g. The menstrual age was 4982 days and the 4-6 mm CRL (post-fixation); >30 somites, which become
embryonic length or CRL 4.2 0.21 mm. The rostral increasingly difficult to determine and exceeding 30 in
neuropore was found to be open in 46.4% of the specimemsmber they are not regarded as an accurate way of
allocated to this group. Based on previous work it wadetermining the gestational age. The otic vesicle is closed;
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Figure 5. Photographs illustrating stage 12 embryos. Stage 12 is characterized by 21-30 paired somites, three to four pharyntpeal arches
closure of the caudal neuropore and the appearance of the upper limb bud. Bars =1 mm, and the photographic platesiwete fiakEom

(A) Ru 123; the left lateral view showing the otic invagination (0), the optic evagination (op), and the mandibular (mayidhe)rgmmhes.

Also distinguishable are the somites and the secondary yolk sacB}&k. {44; the left lateral view showing the optic evagination (op) and the
mandibular arch (ma). The cardiac region and the secondary yolk sac are transly&nRy 576; the left€) and right D) lateral views
showing the otic invagination (0), the optic evagination (op), the mandibular (ma), hyoid (ha) and glossopharyngeal (ghgareheésal

sinus (cs), the appearance of the upper limb bud (ulb) and the junction of the umbilical vesicle and the intestinegiingusshdible are the
amnion, the secondary yolk sac, the somites, the cardiac tube, the hepatic trabeculae and the IVthEgRiRIES82; the right lateral and

dorsal views showing the otic invagination (0), the optic evagination (op), the mandibular (ma), hyoid (ha) and glossdplgalyaigmbes,

and the upper limb bud (ulb)E) shows the cardiac tube as translucent with the hepatic trabeculae slightly below and behind it.

the lens disc in the optic evagination is not usually indentadean of 5.5% 0.21 mm. For the Carnegie Institute’s data,
but appears internally; the external contour of the neurtile CRL range fell between 4 and 6 mm, and 80% of their
tube is the same as that of the embryo; the hyoid arch statabryos were found within this range. In the current study,
to lie across the glossopharyngeal arch so that it movigsvas found that 21/34 of the CRL were within this range,
caudal, posterior to a depressed triangle where the surfad#34 were larger and 2/34 smaller; this could be due to the
ectoderm sinks to come into contact with the pharyngegdct that the Carnegie Institute measurements were made
ectoderm, thus creating the cervical sinus. The upper lingh fixed specimens whilst the measurements from the
buds form definite ridges, and the beginning of the lowegurrent study were made on fresh tissue. The menstrual age
limb buds becomes apparent; in tissue after fixation witfyas 50.2+ 0.8 days. In 32/34 embryos the otic vesicle was
formalin the outline of the brain and optic vesicle carlosed, while in all 100% the optic evagination was noted.

sometimes be detected. In 19/34 specimens the hyoid arch was found to overlap the
glossopharyngeal arch, while in 12/34 specimens three
Summary pharyngeal arches were noted although no overlapping

In this stage (Figure 6), 34 specimens were found to fulfivas seen to be occurring; also in 14/34 samples the cervical
the correct criteria. The CRL range was 4.2-8 mm with sinus was found to be present. Upper limb buds were found
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Figure 6. Photographs illustrating the variations in the external form encountered in stage 13 embryos. Stage 13 is characterizeéd by sec
pharyngeal arch overlapping the third arch, the appearance of the upper limb buds as definite ridges and the appeévamrcdiofiied.

Bar =1 mm. All photographs were taken prior to fixati@y).Ru 101; the right lateral view showing the mandibular (ma) and hyoid (ha) arches,
the umbilicus (u) and rhombomeres (r) in the IVth ventricle. The brain is showing as a translucent area in the headt td the fith ven-

tricle. B) Ru 157; the left lateral view illustrating the mandibular (ma), hyoid (ha) and glossopharyngeal (ga) arches, the ugmbicfi)

(Ilb) limb buds, and the umbilicus (u). The left atrium and left ventricle are distinguishable, as is the hepatic trabatules Wwalow the
cardium. C) Ru 137; the right lateral view illustrating the right atrium (ra), the right ventricle (rv), the hepatic trabeculaehé)Lgpet (ulb)

and lower (lIb) limb buds. Also distinguishable are the mandibular and hyoid arches, rhombomeres in the 1Vth ventricldiciiie amdb
detached from the embryo, the secondary yolk 8§dR(1 538/1; the right lateral view illustrating the mandibular (ma) and hyoid (ha) arches,
and the umbilicus (u). The upper limb bud is recognisable, although faint, as are the right atrium and VENRicB6T; the left lateral view
showing the IVth ventricle (IV), the optic vesicle (op), the mandibular (ma), hyoid (ha) and glossopharyngeal (ga) arches, the left atrium (la)
the left ventricle (Iv), the upper (ulb) and lower (llb) limb buds and the umbilicus (u). The otic invagination and thenfeesiie are also
distinguishable.

in 26/34 specimens, while lower limb buds were seen iconspicuous, the glossopharyngeal arch is relatively small
11/34. and often concealed with the depression of the cervical
sinus, and the ectoderm of the nasal plate is thickening and

Stage 14 its opaque rim may stand out.

At stage 14, 32 days have elapsed since ovulation and th@nmary

fixed, average, CRL is 5—7 mm with a maximal range diin this stage (Figure 7), 27 embryos were found to match
5-8 mm. By now the upper limb buds are rounded, curvindpe majority of the Carnegie Institute criteria. The CRL
ventrally, and starting to taper towards the tip; the loweawras 7.15: 0.22 mm, with a minimum length of 5 mm, and
limb buds are present, but usually only as raised ectodernaaiaximum length of 9 mm. Overall, 12/27 specimens had
ridges; the mandibular and hyoid arches are large a@RL that ranged between the mean lengths of 6-7 mm
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Figure 7.Photographs illustrating five embryos encountered at stage 14. Stage 14 is characterized by thickening of the naselbplgae, the
tion of the upper limb buds and the conspicuousness of the first and second pharyngeal arches. Bar = 2 mm; all photogriaphbefere
fixation. (A, B) Ru 58; Q) the left lateral view showing the attachment of the embryo to the trophoblast sac (ts), with the embryo still in the intac
amnion (a). B) illustrates the embryo in the intact amnion (a) with the 1Vth ventricle)@vd the lower limb buds (lIb) note)Ru 72; the

right lateral view illustrating the 1Vth ventricle(l, and the upper (ulb) and lower (lIb) limb buds. The amnion is distinguishable between the
tail bud and the cephalic region, and the right atrium and ventricle are also vi3)ldR 83; the left lateral view showing the 1Vth ventricle
(IVv), and the left atrium (la) and left ventricle (Iv). The cephalic region, above the IVth ventricle, is translucent ancttienfof the fore

brain vesicle can be seek)Ru 141; the right lateral view illustrating the intact amnion (a), the otic vesicle (0), the upper (ulb) and lower (llb)
limb buds, and the yolk sac (ys). The cardiac area is distinguishable showing the right atrium and ventricle and thedleepédie, twhich lies
slightly beneath it.K) Ru 580; the left lateral view illustrating the otic vesicle (0), the optic vesicle (op), the cervical sinus (cs), thanefadt

the left ventricle (Iv), the hepatic trabeculae (h), and the umbilicus (u). The upper and lower limb buds are also diggnguisha

given by the Carnegie Institute. For comparison, thelgad the appearance of a lower limb bud; 7/27 had a visibly
found that ~70% of their embryos were within the rangehickening nasal plate; 21/27 had both the mandibular and
with a minimum length of 5.5 mm and a maximum lengttihyoid arches large and conspicuous, whereas 5/27 had the
of 8.2 mm. The menstrual age was 5t.0.8 days. The first three pharyngeal arches equal in size.

weight of the embryos was 0.0772+g0.01 g, with a
minimum of 0.021 g, and a maximum of 0.2524 g.g
Developmentally, 18/27 embryos were found to have the
upper limb bud elongating, while 9/27 of the upper limbAt this stage the average CRL of a fixed embryonic
buds were still paddle shaped; all embryos from this stagpecimen is 7-9 mm, although a range of 6.5-8.5 has been

tage 15
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Figure 8. Four embryos illustrating the variations in the external form found at stage 15. Stage 15 is characterized by the ctolns of th
vesicle, the formation of the nasal pits, the segmentation of the hyoid arch, the differentiation of the upper limb beié]aratitm of the
somites and spinal ganglia. All photographs were taken prior to fixation; measurement bar A2 RuriZ9; the left lateral view showing the
forebrain vesicle (fbv) and the optic vesicle (op). The amnion is visible around the umbilical attachment, also distingréshahlipper and
lower limb buds, the left atrium and ventricle and the hepatic trabedB)du (L76; the right lateral view illustrating the rhombomeres (r) in the
IVth ventricle, the raised nasal discs (n), the forebrain vesicle (fbv), the right atrium (ra) and ventricle (rv), and {uéb)igpel lower (lIb)
limb buds. The somites and umbilicus are distinguishaB)eR (1 185; the left lateral view showing the IVth ventricleW)Mhe forebrain vesi-

cle (fbv), the raised nasal discs (n), and the hand plate (hp) on the upper limb bud. The lower limb bud, umbilicuskare @it bdistinguish-
able. D) Ru 159; the left lateral view showing the IVth ventricleWJMhe forebrain vesicle (fbv), and the upper (ulb) and lower (lIb) limb buds.
The amnion, still attached to the umbilicus, is visible, the crown of the head is translucent, the optic vesicle is dibteyq@rishtthe cardium
and hepatic trabeculae are visible.
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Summary

In this stage (Figure 8), 25 embryos were found to
approximate to the Carnegie Institute criteria. The CRL
was 8.71+ 1.19 mm, with a minimum and a maximum
recorded length of 7-11 mm. In 18/25 of the specimens, the
embryos were within the mean limits of the 6.5-8.5 mm
CRL given by the Carnegie Institute; in fact for
comparison, they had found 80% to lie within these limits
with a minimum of 6 mm and a maximum of 11 mm. The
menstrual age was 5220.8 days. The embryonic weight
for this stage was 0.1295 0.009 g, with a minimum
recorded weight of 0.0612 g and a maximum of 0.2166 g.
Of the five characteristics associated with this stage, 23/25
were found to have the lens vesicle closed; 17/25 had the
nasal discs receding from the surface and the appearance of
nasal pits; the primordium of the antiragus was only noted
in 3/25 of the embryos; 24/25 were showing primary
differentiation of the upper limb bud into the hand, arm and
forearm, among the 25 specimens the lower limb buds
were found to be elongating in 24 (one was still paddle
shaped), and in 20/25 of the embryos the forebrain vesicle
was seen to be prominent.

Stage 16

The characteristics associated with this stage include: an
average CRL of 11-14 mm (total range 7—14 mm); 37 days
Figure 9.0ne photograph illustrating the right lateral view of a stage post-ovulation; the nasal pits, turning to face ventrally from
16 embryo (Ru 78). Stage 16 is characterized by the turning of théheir slightly raised lateral position disappear from the
nasal pits to face ventrally, the appearance of retinal pigment in th@rofile view and only the prominent lips forming the lateral
Opt?C yesicle, the formation of the_auricular hillocks and the differ- boundary can be seen W|th |ts marginal fold Overhanging
entlatlo_n of the lower limb bud. Points of development noted are t_he[he floor of the nasal pits. The retinal pigment becomes
forebrain vesicle (fbv), the hand (hp) and foot (fp) plates, the umbili- . . ] .
cus (u) and the retinal pigment (rp) in the optic vesicle. Measuremen\t/ISIbIe towards the end Of_ the stage; _the hyoid _arCh
bar = 2 mm, and the photograph was taken prior to fixation. becomes much more conspicuous, forming the auricular
hillocks, and conversely, the glossopharyngeal arch
recedes and is no longer visible by the end of stage 16. The
recorded, and the post-ovulatory age of the embryos in thigper limb bud starts to show the formation of a hand plate
group is ~33 days. The relative width of the embryo has which, occasionally, the marginal vein can be seen; the
become greater due to growth of spinal ganglia, muscullwer limb bud begins to differentiate into the thigh, leg
plates, and mesenchymal tissues associated with theamd foot.
Five characteristics are associated with this stage: (i) the
lens vesicles have closed and the surface pores througnmary
which they communicate have disappeared; (ii) the nadal this stage (Figure 9), 28 embryos were found within the
discs begin to recede from the surface acquiring the form ofajority of the Carnegie Institute criteria. The mean CRL
large oval depressions or nasal pits; (iii) the ventrakas 10.03 0.22 mm, with a minimum length of 8 mm and
segment of the hyoid arch subsegments into themaximum of 12 mm.In5/28 of the specimens studied, the
primordium of the antiragus; (iv) the upper limb budembryos were within the Carnegie Institute’s mean range
becomes regionally subdivided into a distal hand plate,far the CRL of 11-14 mm. The menstrual age was $4.3
proximal forearm, arm and shoulder region and the lowdr.2 days. The weight of the embryos in this stage was
limb bud elongates; (v) the fifth characteristic is that th€.2124+ 0.026 g, with a minimum of 0.099 g and a
somites, spinal ganglia and muscular plates all produceaximum of 0.775 g. The developmental characteristics
characteristic elevations. associated with this stage show that 26/28 embryos had



Developmental stages in the post-implantation embryo 15

Figure 10.Three photographs to illustrate the differenceseniered in the external form at stage 17. Stage 17 is characterized by an increase in the
head size, the straightening of the main axis and the appearance of digital rays in the hand plate. All photographpri@rtotikation, and the
measurement bar = 2 mm)(Ru 69; the left lateral view showing the development of retinal pigment (rp) in the optic vesicle, and the differentiation of
the upper and lower limb buds into the hand (hp) and foot (fp) plates. The amniotic sac, still attached to the umbilitygisisatile and the yolk sac

is visible. 8) Ru 154; the left lateral view illustrating the development of the retinal pigment (rp) in the optic vesicle, the forsibkaiftwg, the

differentiation of the upper limb bud into the forearm (fa) and the hand plate (hp), and the regression of the tailag(to3at stalk is distinguish-
able although the yolk sac and umbilicus are absent. Some damage can be seen to the lower abdominal area where taelumbriiicahadeft

lower limb bud should beC Ru 183; the right lateral view illustrating the development of the retinal pigment (rp) in the optic vesicle, the differenti-
ation of the upper and lower limb buds into the arm/leg and hand (hp) and foot (fp) plates, and the regression of (tg. tAlhéwdrdiac region
shows distinctly the right atrium and right ventricle with the hepatic trabeculae lying beneath them.

retinal pigment in the optic vesicle; in 11/28, the nasal pitgrofile; a full complement of auricular hillocks are present on
had turned to face ventrally, while in 13/28 they were stillhe mandibular and hyoid arches; the hand plate on the upper
facing laterally; in 12/28 the hyoid arch was conspicuousimb bud shows digital rays, and a rounded digital plate starts
while in 14/28 it was still overlapping the glosso-to appear on the lower limb bud.

pharyngeal arch, which was receding in 10/28; the

auricular hillocks were only seen in 1/28 of the specimensummary

the lower limb bud was found to show primary|, his stage (Figure 10), 30 embryos were found to be
differentiation into the foot, leg and thigh in 12/28 embryogithin the Carnegie Institute criteria. The mean CRL was
while it was still elongating in 12/28 of specimens; no hangls 544 o 2g mm, with a minimum and maximum length
plates were seen. range of 10—-15 mm. In 18/30 of the specimens, the CRL of
the embryos was found to be within the mean range of
11-14 mm established by the Institute. From the findings
of the Carnegie Institute, 68% of the embryos fell within a
The characteristics that identify this stage include: a meaange of 11-13.6 mm, with a minimum recorded length of
CRL of 11-14 mm (total range of 10-14.5 mm), and 410 mm and a maximum recorded length of 14.5 mm. The
days post-ovulation. The physical characteristics of thmenstrual age was 54#81.0 days. The weight for this
embryonic growth at this stage are; an increase in the sigage was 0.2874 0.023 g, with a minimum and

of the head due, to precocious growth; the main axis of timeaximum weight of 0.183 and 0.8322 g. Developmentally,
trunk is straighter with, perhaps, a slight indication of théhe characteristics of this stage showed that in 25/30 the
lumbar curvature; the nasal pits are further medial anuain axis of the trunk was straightening, with 17/30 having
directed ventrally so that the nostril is not visible at all ira slight lumbar curvature; in 9/30 the nasal pits had moved

Stage 17
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Figure 11. Three photographs illustrating the variations in external development seen in stage 18 embryos. Stage 18 is characterized by
increase in length of the limb buds, the appearance of interdigital notches on the hand plate, the elbow region becobleshéeseisumaliza-

tion of digits on the foot plate and the eyelids take on a more advanced form. Measurement bar = 2 mm, and all photogaikphsereéo
fixation. (A) Ru 171; the left lateral view showing the lens (l) in the optic vesicle, the digits (d) appearing in the hand platetfledpatmlate

(fp). Other distinguishable features include the retinal pigment in the optic vesicle, the forebrain vesicle, the retedimmthihe umbilicus.

(B) Ru 204; the left lateral view showing the lens (1) in the optic vesicle, the rhombomeres (r) in the IVth ventricle, prednémg), the foot

plate (fp), and the umbilicus (u). The retinal pigment in the optic vesicle is distinguishable, although it does novraglg#t|y}csurround the

lens. C) Ru 564, the left lateral view showing the lens (l) in the optic vesicle, the hand (hp) and foot (fp) plates, and thes a)bilibe
forebrain vesicle, IVth ventricle and the hepatic trabeculae are distinguishable.

so far ventrally that they could no longer be seen and langth of 11-20 mm. In 16/21, the specimens had a CRL of
20/30 the pits were still turning to face ventrally; in 22/30 d&etween 13 and 17 mm which are the minimum and
full complement of auricular hillocks were found, but inmaximum lengths previously recorded; from the findings

6/30 these were still seen as pharyngeal arches; all embrgbghe Institute two thirds of the embryos had a CRL of

were found to have digital rays in the hand plates and 22/3@—-16 mm. The menstrual age was 5589 days. The

were showing foot plates in the lower limb buds. weight of the specimens was 0.3889.023 g, with a
minimum and maximum weight of 0.196-0.619 g.
Stage 18 Developmentally, 18/21 showed a lumbar flexure, and

This stage is characterized by a CRL of 13-17 mm and_]z?ml shov_ved acervical flexure; in_ 19/21_t_he limb buds had
post-ovulatory age of ~44 days. The shape of the embrydri‘:?reas_ed in length and, in 13_/21, mterqhgltal notches were
more uniformly cuboidal, and both the cervical and lumbgfPPearingin the hand plates;_ in17/21 d|g_|ta| rays were seen
flexures are indicated; both limbs are longer and the digitd] the foot plates; elbow regions were discerible in 6/21
plate of the hand is notched: the elbow region is usuallfdividuals, while 8/21 had a distinct tip to the nose; no
discernible; the lower limb bud shows that toe rays formin§Y/dence was found to support a more uniform shape nor
in the digital plate are identifiable in some specimens; th¥as any eyelid development noted.
eyelid folds have taken a more advanced form and a
distinct tip to the end of the nose is found; the auricular’29€ 19
hillocks have transformed into specific parts of the ear. The characteristics of stage 19 include: a 17—20 mm CRL;
47-48 days post-ovulation; in the embryo proper the trunk
Summary is elongating and straightening, and the head is no longer at
In this stage (Figure 11), 21 embryos were found to haveht angles to the trunk; the limbs are found to extend
the criteria set by the Carnegie Institute. The mean CRlirectly forward and the toe rays are more prominent,
was 14.79 0.47 mm, with a minimum and maximum although no interdigital notches have been seen.
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Figure 12.Photographs of four embryos belonging to stage 19. Stage 19 is characterized by the elongation and straightening ofithiestrunk a
more prominent appearance of the toe rays. Measurement bar = 2 mm, and all photographs were taken prior t#)fiRRatié:. the right

lateral view showing the embryo in the intact amniotic sac (a), the lens (1) of the optic vesicle illustrating that thsiolgtis moving towards a

more ventral position, the nose (n) tip taking a prominent shape, interdigital notches (idn) are seen to be separatsngrtitieedigind plate,

the digits (d) on the foot plates are distinguishable, as are the hepatic trabeculae (h) in the lower abdomen. The ¥/ihidentifable and

the start of the physiological hernia can be seen in the umbilicuB(@) Ru 46; the left lateral view of the intact gestational Ba¢Hrough

which the retinal pigment (rp), amniotic sac (a) and the forelimb buds (flb) can be distingu@hihast(ates the left lateral view of the same
embryo, removed from the gestational sac but in the intact amniotic sac, and with the secondary yolk sac attached. iTdieottdreiyidn)

are distinguishable on the hand plate, and the umbilical veins and artery can be seen in the umbiluRUWEE; the right lateral view
showing the IVVth ventricle, the interdigital notches (idn) on the hand plate, the digits (d) on the foot plate, the detiwhitihias moved to a

more central placement, shows the lens (I), and the hepatic trabeculae (h) in the lower alijéinBu. 170; both photographs illustrate the

left lateral view of this embryo, with platE) showing the umbilical attachment (u) between the embryo and the trophoblast (t). The digits (d) on
both the hand and foot plates are distinguishaB)esHows in more detail the digits (d) on the hand and foot plates, the hepatic trabeculae (h) in
the lower abdomen, and the retinal pigment (rp) in the optic vesicle. The IVth ventricle and the forebrain vesicle ateguoithdisle.

Summary specimens, the embryos collected were within the mean
At this stage (Figure 12), 24 specimens were found to hat@nge of 17-20 mm with 14/24 measuring less than this
the majority of the criteria established by the Carnegigange. The menstrual age was 587 days. The weight
Institute. The mean CRL was 16.850.31 mm, with a of these embryos was 0.465%.022 g, with a minimum
minimum and maximum length of 14—-20 mm. In 10/24veight of 0.285 g and a maximum weight of 0.672 g.
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region. The beginnings of interdigital notches are seen in
the foot plate.

Summary

In this stage (Figure 13), 24 embryos were found to have
the same developmental features as those allocated by the
Carnegie Institute. The mean CRL was 181231 mm,

with a minimum length and maximum length of 15.5 to 21
mm. Only 1/24 specimen was found to be 21-23 mm
which were mean lengths previously recorded by the
Institute; all of the other measurements were <21 mm. The
menstrual age was 5A%.6 days. The weight was 0.6533

+ 0.036 g with a minimum weight of 0.2945 g and a
maximum weight of 0.9433 g. Developmentally, the optic
cups were centring in 23/24 of the specimens; the elbow
region was bent in all of the specimens; the hand plates
were curving towards the cardiac region in 1/24 of the
specimens, while the digits on the hand plates were
separated in 22/24; interdigital notches between the toes
were found in 12/24 of the specimens; in all specimens a
faint outline of the developing scapula was seen and in 7/24
the outline of ribs noted; in a couple of specimens the faint
outline of joints was seen in the digits of the hand plate; in
all specimens the tail bud was receding.

Stage 21

Figure 13.0ne photograph illustrating the left lateral view of a stage This stage s characterized by a CRL of 22-24 mm and a

20 embryo (Ru 180). Stage 20 is characterized by the lengthening J?OSI'QVU|ati0n age of 52 c_iays; the em_bryo proper shows
the upper limbs and the beginnings of flexion in the region of the elthe distal phalangeal portions to be slightly swollen and
bow, the hands curve towards the cardiac region and interdigitashowing the beginning of tactile pads; the hands become

notches are appearing on the foot plates. The photograph was taklaxed at the wrists and nearly meet together above the
after fixation, the measurement bar = 2 mm. The features identifie%ardiac area

on this embryo include the eyelids (el), the external form of the ear

(au), the nostrils (no), the developing elbow (e), the fattihewof the

ribs (ri) in the abdominal cavity, the physiological hernia (ph), the inter- SUmmary

digital notches (idn) on the foot plates, and the regressing tail bud (tb)in this group (Figure 14), 18 embryos were found to have a
majority of criteria established for this stage by the

Developmentally, the head was moving away from a righQ.arnegle Institute. The mean CRL was 22.3.62 mm,

angle position to the trunk in 16/24 of the specimens, whil :;hLa rang]:c]e of d1t7 _EY rznzm 2'; 6/18 '?hf th? Spec |meEs, ttr? N
the main axis of the body was straightening in all 100%; to was lound to be cc=c4 mm, e size given by the

rays were becoming prominent in all of the specimens, arlllaestt/l\t:teen ﬂg} tt:: rrggoc:f{hgf S"fg'&ﬁ:gﬁgg‘fgj t\getﬁs
the upper limb buds were extending forward in alrJ ' P

specimens. In all of the specimens the auricular hillock&29e: 7/18 had a CRL <22 mm and 5/18 had a CRL >24

: . mm. The menstrual age was 52.0.9 days. The weight
were starting to form more specific parts of the ear. recorded for this stage was 1.1340.071 g, with a

minimum weight of 0.635 g and a maximum weight of

1.728 g. Developmentally, all specimens showed flexion of
Stage 20 is characterized by a CRL of 21-23 mm andtlae hands at the wrists; in all specimens the interdigital
post-ovulation age of 50-51 days. The embryo propemotches on the foot plates were more pronounced; in 17/18
lengthens in the upper limb bud and is slightly bent at thée upper limb buds were curved ventrally, and in 16/18 of
elbows, the hand plate curves towards the cardiac regi@pecimens the outlines of ribs were seen in the abdominal
and a growth centre is found above the temporal frontahvity. Other developmental characteristics not previously

Stage 20
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Figure 14.Photographs of three embryos belonging to stage 21. Stage 21 is characterized by the appearance of tactile pads orfdla¢ hand an
plates and the flexion of the wrists bringing the two hand plates almost to meet across the cardiac area. All photogtalpds preveto
fixation, the measurement bar = 2 mm) Ru 59; the left lateral view clearly showing the external development of the ear (au), and the elbow (e)
region, the ribs (ri) are visible in the abdominal cavity, and the physiological hernia (ph) can be distinguished wheikctiattadhment

would normally be found. The upper limbs are now meeting across the cardiac region and the lower limbs can be seen &oitwes fotdeth

other. B) Ru 200; the left lateral view showing the developing external ear (au), the elbow region (e) and the interdigital mtchés(idthe

hand and foot plates. The attachment via the umbilicus is absent showing the liver protruding through the damaged tissugfgothnd

lower limb buds are stretched forward with the upper showing slight inclinations towards each other across the caf@li#ed#8; the right

lateral view showing the attachment between the embryo and the trophoblast (ts). The umbilical vein (uv) and the phigsiwizgiph) can

clearly be seen in the umbilicus. The upper and lower limb buds are both stretched forward and the tail bud has almost receded.
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auricle have a more definite form; the hands extend further
from the body and the fingers may, on occasion, overlap
each other.

Summary

At this stage (Figure 15), eight embryos were found to have
the correct criteria established by the Carnegie Institute.
The mean CRL was 22.740.98 mm, with a range of
18-26 mm. In 2/8 of the specimens, the CRL was found to
be 25-27 mm, the sizes given by the Institute that the
majority of previous specimens were between. For the rest
of the specimens allocated to this stage, 6/8 had a CRL of
<25 mm. The menstrual age was 64.6.0 days. The
weight recorded for this stage was 1.346213 g with a
minimum weight of 0.8048 g, and maximum weight of
1.9224 g. Developmentally, 7/8 had progressed so far that
the eyelids rapidly encroached onto the eyes; in 4/8, the
tragus and antitragus had a more definite form; in all of the
embryos the hands were extending forward, with 4/8, hav-
ing overlapping fingers; in 4/8 specimens, heels had devel-
oped at the edge of the foot plates; and in 4/8 the digits on
the foot plates were completely separate; in 2/8, the exter-
nal genitalia were well formed; in 2/8, the chin took on a
more defined form; in 1/8, the nose was more defined than
had been previously seen; and in 3/8 there was an increase
in the length of the limbs.

) ) i ) Stage 23
Figure 15.0ne photograph illustrating the left lateral view of a stage

22 embryo (Ru 135). Stage 22 is characterized by the encroachmeflthis stage is characterized by a CRL (full range) of 23—-32
of the eyelids across the eyes and the extension of the hands awgym, although the majority of specimens fall between
from the body. The photograph was taken before fixation, and th928_32 mm; and a post-ovulation age of 56-57 days. By the

t bar = 2 mm. The features identified on this embryo in- . . -
MeasuTeMen: bar = £ Fim. 116 Sares I[Aentied on i #moo Nang of this stage, the head has made rapid progress in its

clude the eyelids (el), the external form of the nose (n) with the nos- . A,
trils beneath it, the external form of the ear (au), the developing elPath towards an erect position; it is distinctly rounded out,
bow (e), the appearance of the ribs (ri) in the abdominal cavity, thednd the cervical region and trunk are of a more mature
extrusion of the physiological hernia (ph) into the umbilical attach- shape; the eyes are largely open, but in some specimens the
ment (which is missing), the development of the knees (k) and heeléyendS may show some fusion; the limbs have increased
(hl) on the lower limb bud, and the regression of the tail bud (tb). markedly in length and show an overall more advanced
) ) ) state in the differentiation of their subdivision; with, also,

mentioned by the Institute for this stage were found: 15/1§¢ fqrearm ascending to or above the level of the shoulder.

showed a straighter axis of the trunk; 1/18 showed these g perficial external genitalia are well developed but do
development of the knees; in 1/18, eyelids were seen to H&t suffice for the determination of sex.

encroaching across the eyes which were very opaque; in
4/18, the heels could be identified; and in 2/18, the fain§,mmary

outline of joints and nails could be seen in the digits of the, 4. stage, nine embryos were found to have the correct

hand plates. criteria as defined by the Carnegie Institute. The mean
CRL was 23.6% 0.8 mm, with a range of 10-26 mm. None
of the specimens were found to have a CRL between 25-27
This stage is characterized by a CRL of 25-27 mm andnam, the size given by the Institute that the majority of
post-ovulation age of 54 days; the development of the emrevious specimens were between; all of the specimens
bryo has progressed so that the eyelids are rapidly esllocated to this stage had a CRL of <25 mm. The
croaching onto the eyes; the tragus and antitragus of thenstrual age was 63#91.1 days. The weight for this

Stage 22
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stage was 1.4A70.18 g with a minimum weight of 0.5292 (O’Rahilly and Mdiller, 1987), also be closed by the end of
g, and maximum weight of 2.278 g. Developmentally, 5/¢he stage; however findings from the current study
had progressed so that the eyelids were rapidindicated that only 53.6% of the specimens had a closed
encroaching onto the eyes and in 4/9 the eyelids had fusedudal neuropore by the end of stage 12.
in all of the embryos there was an increase in the length ofThe CRLs recorded in the present study at stage 12
the limbs; in 2/9, the foot plates met and in 4/9, the handiiffered from the results reported by O’Rahilly and Miller
were overlapping each other; in 2/9, the hands had movgrb87). Those reported by O’Rahilly and Mdller ranged
away from the front of the body; in 1/9 the arms wergrom 3-5 mm for fixed tissue; the measurements from this
wrapped around the embryo; in 6/9 the edges of the fostudy ranged from 2.5-7 mm. Some of the differences
plates were developing into heels; in 6/9 the head was mateted in the range could be due to the degree of lordosis in
erect and in 5/9 the axis of the trunk was more mature. Irtide embryos or to shrinkage of the tissue post-fixation.
few samples, the faint outline of joints on the digits of the\gain, at stage 13, there was a difference between the
upper limb buds were noted, the neck area was developifgeviously recorded CRLs (range 4-6 mm) and those
and the chin and faint outline of nails were found. found in the current study (4.2—8 mm). In the present study
69.7% of the CRLs fell within previous estimates for this

_ _ age group and 30% had a greater CRL than the estimates

Discussion reported by O’'Rahilly and Miiller (1987). As noted in

The embryonic period is identified as the third to eightfrevious studies (O'Rahilly and Miiller, 1987), not all of
week of pregnancy, or, developmentally, from stage 9 '€ Specimens from stage 13 showed upper limb bud
stage 23. This is the period during which the three gerfifvelopment, and in only 33.3% were lower limb buds
layers give rise to their own tissues and organ systems, atf#n- Up to this stage, the groups were mainly identified by
therefore organ formation becomes a major feature. Thae number Qf palr_ed somites. N
embryo develops from a flattened disc, through the For the primary identification of the remaining stages,
formation of the neural tube and somites, the closure of tifgore than one parameter was used, but classification was
neural tube through the rostral and caudal neuropores, @nerally given according to the development of the limb
appearance of the pharyngeal arches, and otic and oftkds. At stage 14, again the CRLs differed, with a general
vesicles, the development of the umbilical vesicle, thend towards a greater length (prefixation) in comparison
appearance of the limb buds and their subsequeffith previously published data (O’Rahilly and Mdiller,
differentiation, occurring in conjunction with the overall1987; Dickey and Gasser, 1993; Dicletyal, 1994) post-
lengthening and maturation of the body form. fixation. All of the embryos at stage 14 had a definite upper
In this comparative study it has been shown thdtmb bud with 69.2% of them showing elongation and the
although the majority of parameters established by Streefiper 30.8% still paddle shaped. The mandibular and hyoid
(1942, 1945, 1948, 1951), Heuser and Corner (1957) aAtches were not always conspicuous.
subsequently O’'Rahilly and Miiller (1987, 1993), were the The majority of the criteria described by O’Rahilly and
same, they can only be used as a guide to developmeryilller (1987) were met by the embryos that had been
embryology. In the present study, other features were notedtegorized for stage 15. At stage 16 the CRL range was
which may help to identify the stages for differentfound to be shorter than previously reported by O'Rahilly
embryos. At stage 10, it was noted that the neural groo@d Miuller; but whether this was due to the degree of
did not start to close until between the formation of thédrdosis or an actual difference is difficult to determine. In
sixth and seventh somites. In stage 11, the rostral neuropdf3% of the specimens the nasal pits were turned to face
is reputed to be closing or near closing depending on tentrally, whereas the rest still showed the pits laterally.
number of somites present. Although O’Rahilly andrhe retinal pigment, usually visible at the end of this stage,
Muiller (1987) stated that a9 somites the neuropore had(Arey, 1942; Hamilton,et al, 1966; Sadler, 1990;
usually closed, in this study it was found closed in 21.4% &b’'Rahilly and Mdller, 1987) was evident in all but two
specimens and the number of somites present were ngecimens.
determining factor as to how far the closure had Atstage 17 there was only one difference noted between
progressed. In support of this, only 53.6% of specimengeviously reported characteristics and the findings
were found to have a closed rostral neuropore at stage t@ported in the current study, which was that the movement
when, according to previous reports (O’Rahilly andfthe nasal pits seemed to be slightly slower than expected
Muiller, 1987), the rostral neuropore is closed. The caudé@D’Rahilly and Miuller, 1987). At stage 18 the CRL
neuropore should, according to previously reported dataeasurements in the current study were greater on both
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sides than the previously given CRL, and no evidence waave previously shown that early human embryos of
found to support the idea of a more uniform shape, nor wagarkedly different sizes could be at the same
any eyelid development noted, although both of these hddvelopmental stage, but no indication was given as to
been reported previously (O’Rahilly and Miiller, 1987)whether the size differences were due to dissimilar growth
The CRLs of those specimens from the current studytes or because the age of the embryo was unknown.
allocated to stage 19 were in general smaller than thoBéckey and Gasser (1993) demonstrated that identically
previously reported. The degree of lordosis is unlikely to baged embryos could differ in embryonic length by up to
the reason for the apparent decrease in size, so it cante fold. They also demonstrated that embryos of an
assumed that the embryos were indeed smaller than thégentical age could differ by as much as 5 days in time
previously reported. Again at stage 20 a general trer@tcording to the onset of cardiac activity. Dickey and
towards smaller CRLs was found in the present study. Basser’s (1993) results came from studies involving
addition to the criteria already established as parametersifrasound scanning of patients undergoing IVF or GIFT.
development at stage 20, the movement of the eyes fronTe current study has provided evidence that each
lateral position towards a more ventral one was found to fiedividual embryo has a different time scale for the
well established in 95.8% of specimens, and in 91.3% tgigvelopment of different features. In providing definitive
digits on the upper limb bud were found to have completeftages that are rigidly bound by developmental events,
separated. limitations are placed on categorizing the embryo.
At stage 21 the range for the CRLs noted in the currefdthough the allocation of embryos to a specific stage can
study was greater than those previously communicat@§sist in identifying the post-ovulatory age, the overlaps
(O’Rahilly and Miiller, 1987), but the CRLs seemed to b&etween stages could lead to classification of the embryo
evenly distributed throughout the range. Also at this stag#lto & wrong age group or stage.
the majority (88.9%) of the embryos showed the outline of
developing ribs in the abdominal cavity; several additional
characteristics were noted: the development of the heels an

the outer edge of the foot plate; the slight bend of the legs a?ferences

the knees; th_e faint outline OfJO'ntS _and na'!s on the d'g”ﬁrey, L.B. (1942)Developmental Anatomy: A Textbook and Laboratory
of the upper limb buds; and the eyelids starting to encroach Manual of Embryology4th edn. W.B.Saunders Co., Philadelphia,
USA

across the eyes. . Baird, D.T. (1993) Medical abortion in BritaiBr. J. Obstet. Gynaecol.
Stage 22 showed a decrease in the range of CRLs with 101,367-368.

only 25% |y|ng W|th|n the range previously reportedcameron, |.T., Michie, A.F. and Baird, D.T. (1986) Therapeutic abortionin

, . .. . . early pregnancy with antiprogestrogen RU486 alone or in
(O’Rahilly and Mdiller, 1987); the remainder of the CRLS  combination  with  prostaglandin  analogue  (Gemeprost)

measured in the present study had a smaller length. At stageContraception34, 459-468.
23 the CRLs in the current study were, again, smaller th&h %eefr' S'&gs%mbryos and Ancestor8rd edn. Clarendon Press,
) ! ! xford, .
those previously reported. More developmental featuresckey, R.P. and Gasser, R.F. (1993) Ultrasound evidence for variability in
were noted at this stage but since onIy nine specimens the size and development of normal human embryos before the tenth

post-insemination week after assisted reproductive technologies.
were found and the developmental range of parameters jym. reprod.8, 331-337.
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s gl . empryo crown-rump engt to pregnancy outcome and abortus
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The conclusions from this study are that there are Hum. Reprod.9, 366-373.
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