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SUMMARY

The anatomical collections of fetuses are a valu-
able element of study and research in universities.
At the University of Granada, the Department of
Human Anatomy and Embryology has a collection
of 283 fetuses. The purpose of this article has been
to carry out an exhaustive study on these fetuses
to present data related to the malformations they
presented. Regarding the results, it is worth not-
ing the presence of a higher frequency of aborted
fetuses between 4.5 and 6 months of development
and the presence of macroscopically evident mal-
formations in 56% of them. In conclusion, this
study assesses the usefulness for teaching and re-
search of this anatomical material and the results
provide data of interest on fetal development and
the etiology of spontaneous abortions.
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INTRODUCTION

Fetal development is a complex process that
could be divided into three periods (trimesters),

each with distinct developmental milestones.
During the first trimester, the fertilized egg under-
goes rapid cell division and differentiation, lead-
ing to the formation of the major organs and sys-
tems of the body. By the end of the first trimester,
the fetus is about 3 inches long and weighs around
1 ounce. In the second and third trimesters, the
fetus undergoes further growth and development.
The skeleton begins to harden, and the nervous
system becomes more advanced. During the third
trimester, the fetus gains the most weight and
continues to develop its organ systems. By the
time of birth, the average fetus is about 20 inches
long and weighs around 7.5 pounds. Fetal devel-
opment is a critical period that lays the founda-
tion for a person’s health and well-being through-
out their life (Blencowe et al., 2012; Filippi et al.,
2023; O’'Rahilly and Miiller, 2010).

To study fetal development, anatomical collec-
tions of human fetuses have been created in many
medical schools and faculties around the world.
These collections provide invaluable resources
for researchers, educators, and medical profes-
sionals who seek to better understand human de-
velopment and improve patient care. The value of
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Fig. 1.- Abortive fetuses of the Granada University. A. Distribution of abortive fetuses by week of gestation. B. Evolution of weight
(gr) in abortive fetuses by week of gestation. C. Sex distribution in abortive fetuses by week of gestation.

fetal anatomical collections lies in their ability to
provide a comprehensive view of human develop-
ment, from the early embryonic stages to full-term
fetuses. By examining these specimens, research-
ers and educators can identify the normal and ab-
normal features of fetal anatomy and understand

the complex interactions that occur during devel-
opment. Additionally, these collections serve as a
valuable resource for training future medical pro-
fessionals, allowing them to gain hands-on expe-
rience in human anatomy and pathology (Knoeff,
2015; Kosenko et al., 2022). Among the most rep-

Fig. 2.- Description of the malformation in the collection of fetuses from the University of Granada.



resentative collections are the Carnegie Collec-
tion (Carnegie Institution) of Washington, which
includes more than 15,000 specimens from early
embryos to term fetuses, and the Kyoto Collection,
which contains more than 6,000 specimens and is
known for its extensive documentation of abnor-
mal fetuses (Brown, 1987; Spradling, 1997; Tana-
ka et al., 2020; Yamaguchi and Yamada, 2018).

Our main was to carry out a descriptive study of
the collection of human fetuses from the Depart-
ment of Anatomy and Embryology of the Granada
University.

MATERIALS AND METHODS

Human Fetuses (n=283) from the collection of
the Department of Human Anatomy and Embry-
ology of the University of Granada were classified
by weight at the time of acquisition, apex-coccyx
(CV) distance, and apex-tail distance. From the
VC distance we determine the approximate ges-
tational age. Likewise, the existence of malfor-
mative macroscopic features was analyzed. With
all these data, a descriptive statistical study was
carried out. This research has been approved by

the ethics committee of the Faculty of Medicine of
Granada (3440/CEIH/2023).

RESULTS

Regarding the distribution of abortive fetuses, it
should be noted that their highest frequency was
concentrated between 4.5 and 6 months of ges-
tation (18 and 24 weeks), decreasing slowly and
following an inverse gamma distribution (Fig. 1A).
Weight, as expected, evolved exponentially with
increasing gestational age (Fig. 1 B). Slightly more
female (52%) than male fetuses were observed,
although these differences were likely due to sam-
ple-specific variability (Fig. 1C). According to the
detected malformations, the most frequent was
to find fetuses with hypertelorism and microg-
nathia not associated with any specific syndrome
and scoliosis. Malformations compatible with
some chromosomal syndromes and other con-
genital malformations such as Down syndrome,
Patau, Edwards, Wolf, Potter, Di George, Robinow,
Treacher-Collins syndrome or intersex anomalies
were detected. A large proportion of fetuses (44%)
did not present clear macroscopic malformations
(Figs. 2 and 3).

Fig. 3.- Examples of congenital malformations found in the collection of human fetuses from the University of Granada. A. Wolf-Hir-
schorn syndrome (head in Greek helmet). B. Patau syndrome (cleft lip, genital malformations, short sternum). C. Potter syndrome
(periorbital edema, mycorgnathia, and low-set malformed ears). D. VACTERL (anal atresia and genital malformations). E. Down
syndrome (broad nasal root, hypertelorism, and macroglossia). F. Robinow syndrome (achondroplasic cranial changes, hyper-
telorism, and characteristic nose). G. Scoliosis. H. Anophthalmia. I. Edwards syndrome (rocking chair feet, hypertelosimus, ret-
rognathia, and auricular malformations). J. Limb body Wall syndrome (scoliosis and gastroschisis). K. Dolichocephaly. L. Treacher

Collins syndrome (characteristic fascia with large oral cleft).
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DISCUSSION

The most frequent malformations found in hu-
man fetuses aborted between 3 and 6 months of
development include central nervous system de-
fects, such as anencephaly and hydrocephalus,
and chromosomal abnormalities, such as Down
syndrome. Other malformations found in fetus-
es at this stage include heart defects, skeletal ab-
normalities, and gastrointestinal defects (Naeye,
1983; Roetsetal.,2023).In our collection, the most
frequently malformations were fetuses with char-
acteristics of hypertelorism and micrognathia not
attributable to specific syndromes and scoliosis.
In addition, to a lesser extent, fetuses with anom-
alies such as Down syndrome, Patau, Edwards,
Wolf, Potter, Di George, Robinow, Treacher-Collins
syndrome, or intersex anomalies were observed.
Mora-Alferez et al., (2016) in a study on abortive
human fetuses and chromosomal malformations,
indicated that the most frequent chromosomal
anomalies in spontaneously aborted fetuses were
trisomies 16,22 and 9. These are anomalies most-
ly in internal organs and without clear distinctive
macroscopic features. Thus, they probably cor-
respond to fetuses that have been classified as
hypertelorism and micrognathia without a clear
syndromic correspondence. In addition, these
malformations have been determined in fetuses
older than six months, so it would be very likely
to find younger fetuses with the chromosomal al-
terations described by Mora-Alferez et al., (2016).
However, this study was very difficult at the mac-
roscopic level with fetuses under six months.

On the other hand, no human fetuses young-
er than 3 months were found in our collection,
probably because abortions at this stage are usu-
ally spontaneous and the embryos are extract-
ed undetectable or by curettage. Almost 70% of
spontaneous abortions occur before 8 weeks of
gestation (Alves and Rapp, 2023). In our case, the
human fetuses showed a curious distribution as
spontaneous fetal abortions increased towards
week 18, being higher between weeks 18 and 24.
Interestingly, they followed an inverse gamma
distribution. This distribution is similar to that
described in infectious disease susceptibility,
suggesting the infection as the cause of the abor-
tion at this stage. In addition, 56% of the fetuses

also had signs of malformations that would make
them more susceptible to these infectious factors.
It is known that infections can occur at any stage
of fetal development, but the highest incidence
occurs at the first and second trimesters. During
this period, the fetus is particularly susceptible to
infection due to the immaturity of its immune sys-
tem and the high rate of cell division and differen-
tiation (Kollmann et al., 2017; Limperopoulos et
al., 2002; Marban-Castro et al., 2021; Plourde and
Bloch, 2016). Several factors can increase the risk
of infections, including maternal age, maternal
immune status, and exposure to environmental
pathogens. Maternal infections, such as urinary
tract infections, can also increase this risk. In ad-
dition, certain lifestyle factors, such as smoking
and alcohol consumption, may also increase the
risk of infections (Pascoal et al., 2023; Wiegersma
etal., 2023). In addition, malformed human fetus-
es are at increased risk of developing infections
due to their weakened immune systems and com-
promised barrier function. Studies have shown
that fetuses with malformations have a higher in-
cidence of infections such as cytomegalovirus, ru-
bella, toxoplasmosis, and syphilis. Furthermore,
human fetuses with chromosomal abnormalities
are also at increased risk of infections, as their
immune systems are not fully developed (Fitzpat-
rick et al., 2022; Marban-Castro et al., 2021; Wang
etal., 2019).

CONCLUSION

In conclusion, this study highlights the interest
of human fetus material for teaching and research
purposes, and provides new data regarding fetal
development and the etiology of abortions in the
fetal stage, highlighting the absolute frequency
per week, the possible etiologies, and the pres-
ence of macroscopic malformative anomalies in
56% of them.

ACKNOWLEDGEMENTS

The authors sincerely thank those who donated their
bodies to science so that anatomical research and
teaching could be performed. Results from such re-
search can potentially increase scientific knowledge
and can improve patient care. Therefore, these donors
and their families deserve our highest respect.



REFERENCES

ALVES C, RAPP A (2023) Spontaneous Abortion. In: StatPearls.
Treasure Island (FL): StatPearls Publishing. http:/www.ncbi.nlm.nih.
gov/books/NBK560521/

BLENCOWE H, COUSENS S, OESTERGAARD MZ, CHOU D, MOLLER
AB, NARWAL R, ADLER A, VERA C, SAY L, LAWN JE (2012) National,
regional, and worldwide estimates of preterm birth rates in the year
2010 with time trends since 1990 for selected countries: A systematic
analysis and implications. Lancet, 379(9832): 2162-2172.

BROWN DD (1987) The Department of Embryology of the Carnegie
Institution of Washington. Bioessays, 6(2): 92-96.

FILIPPI L, SCARAMUZZO RT, PASCARELLA F, PINI A, MORGANTI R,
CAMMALLERI M, BAGNOLI P, CTANTELLI M (2023) Fetal oxygenation in
the last weeks of pregnancy evaluated through the umbilical cord blood
gas analysis. Front Pediatr, 11: 1140021.

FITZPATRICK D, HOLMES NE, HUI L (2022) A systematic review of
maternal TORCH serology as a screen for suspected fetal infection.
Prenat Diagn, 42(1): 87-96.

KNOEFF R (2015) Touching anatomy: On the handling of preparations
in the anatomical cabinets of Frederik Ruysch (1638-1731). Stud Hist
Philos Biol Biomed Sci, 49: 32-44.

KOLLMANN TR, KAMPMANN B, MAZMANIAN SK, MARCHANT
A, LEVY O (2017) Protecting the Newborn and Young Infant from
Infectious Diseases: Lessons from Immune Ontogeny. Immunity, 46(3):
350-363.

KOSENKO O, STEINICKE C, KIELSTEIN H, STEGER F (2022) Fetal
development in anatomical preparations of Ruysch and the Meckels in
comparison. Int J Environ Res Public Health, 19(22): 14896.

LIMPEROPOULOS C, MAJNEMER A, SHEVELL MI, ROHLICEK C,
ROSENBLATT B, TCHERVENKOV C, DARWISH HZ (2002) Predictors of
developmental disabilities after open heart surgery in young children
with congenital heart defects. J Pediatr, 141(1): 51-58.

MARBAN-CASTRO E, GONCE A, FUMADO V, ROMERO-ACEVEDO L,
BARDAIJI A (2021) Zika virus infection in pregnant women and their
children: A review. Eur J Obstet Gynecol, 265: 162-168.

MORA-ALFEREZ AP, PAREDES D, RODRIGUEZ O, QUISPE E,
CHAVESTAF, DE ZIGHELBOIM EK, DE MICHELENA M (2016) Anomalias
cromosdmicas en abortos espontdneos. Rev Per Ginecol Obstet, 62(2):
141-151.

NAEYE RL (1983) Maternal age, obstetric complications, and the
outcome of pregnancy. Obstet Gynecol, 61(2): 210-216.

O’RAHILLY R, MULLER F (2010) Developmental stages in human
embryos: Revised and new measurements. Cells Tissues Organs, 192(2):
73-84.

PASCOAL LB, CARELLOS EVM, TARABAI BHM, VIEIRA CC, REZENDE
LG, SALGADO BSF, DE CASTRO ROMANELLI RM (2023) Maternal and
perinatal risk factors associated with congenital syphilis. Trop Med Int
Health, 28(6): 442-453.

PLOURDE AR, BLOCH EM (2016) A literature review of Zika Virus.
Emerg Infect Dis, 22(7): 1185-1192.

ROETS E, BEERNAERT K, CHAMBAERE K, DELIENS L, VAN BERKEL
K, DE CATTE L, VANHAESEBROUCK S, ROELENS K, DOMBRECHT L
(2023) Pregnancy termination at viable stage in daily clinical practice:
A nationwide mortality follow-back study in Flanders, Belgium. Prenat
Diagn, 43(6):781-791.

SPRADLING AC (1997) The Carnegie Institution of Washington,
Department of Embryology. Mol Med, 3(7): 417-419.

TANAKA S, SAKAMOTO R, KANAHASHI T, YAMADA S, IMAI H,
YONEYAMA A, TAKAKUWA T (2020) Shoulder girdle formation and
positioning during embryonic and early fetal human development. PloS
One, 15(9): e0238225.

WANG Y, LI S, MA N, ZHANG Q, WANG H, CUI J AND WANG S (2019)
The association of ToRCH infection and congenital malformations: A
prospective study in China. Eur J Obstet Gynecol, 240: 336-340.

WIEGERSMA AM, BOOTS A, LANGENDAM MW, LIMPENS J, SHENKIN
SD, KOROSI A, ROSEBOOM TJ, DE ROO1J SR (2023) Do prenatal factors
shape the risk for dementia?: A systematic review of the epidemiological
evidence for the prenatal origins of dementia. Soc Psychiatry Psychiatr
Epidemiol, doi: 10.1007/s00127-023-02471-7.

YAMAGUCHI Y, YAMADA S (2018) The Kyoto collection of human
embryos and fetuses: History and recent advancements in modern
methods. Cells Tissues Organs, 205(5-6): 314-319.

Kevin Doello et al.

787



	_Hlk111366589
	_Hlk97126589
	_Hlk113787316
	_Hlk123758460
	_Hlk97122026
	_Hlk114999883
	_Hlk115036804
	_Hlk113797242
	_Hlk133344534
	_Hlk133274992
	_Hlk133345011
	_Hlk133346825
	_Hlk133347110
	_Hlk113448534
	_Hlk113806402
	_Hlk125414686
	_Hlk111462745
	_Hlk111467562
	_Hlk113186415
	_Hlk111544067
	_Hlk125277862
	_Hlk125277946
	_Hlk130800594
	_Hlk129426226
	_Hlk112577545
	_Hlk132268441
	_Hlk99627428
	_Hlk134096002
	_Hlk129850990
	_Hlk132269497
	_Hlk131769573
	_Hlk136519025
	_Hlk132142551
	_Hlk131797399
	_Hlk131972334
	_Hlk131798204
	_Hlk132147588
	_Hlk132142396
	_Hlk131798043
	_Hlk136519077
	_Hlk134279570
	_Hlk134279908
	_Hlk131776262
	_Hlk132143168
	_Hlk132144669
	_Hlk132144972
	_Hlk132145341
	_Hlk136462492
	_Hlk132150898
	_Hlk132152618
	_Hlk134476584
	_Hlk134476620
	Emilio_Farfán1,2,_Felipe_Araya1,_Manuel_
	1._Departamento_de_Anatomía,_Escuela_de_
	SUMMARY
	CASE_REPORT
	_GoBack
	Emilio_Farfán1,2,_Oscar_Inzunza1,2.
	SUMMARY
	The role of thymus graft on the onset of puberty in juvenile male rats
	Satya Prasad V.

	Cephalometric radiograph-based approach for sex determination using maxillary sinus index in Surabaya, Indonesia
	Arofi Kurniawan1, Salma A. Athalia1, Beshlina F.W.R. Prakoeswa1, Beta N. Rizky1, An’nisaa Chusida1, Martinus Yudha1, Karine Wijaya1, Mieke S. Margaretha1, Aspalilah Alias2,1, Anand Marya3

	Assessment of reproductive toxicity of Cyfluthrin and Pestban either individually or combined in adult male albino rats
	Heba El Sayed Mostafa1,2, Eman A. Alaa El-Din2, Eman M. Kamel3, Shimaa A. Fareed3

	The behavior of adrenal progenitor stem cells in response to chronic stress and recovery
	Nermeen H.A. Lashine, Amany Shams, Shaima M. Almasry, Huda El-Tahry, Marwa Abd El-kader

	Comparative assessment of the morphology and antigenicity of human osteochondral units using formalin and coagulant fixatives
	Ganesh Parasuraman1, Elizabeth Vinod2, Abel Livingston3, Solomon Sathishkumar2, Deepak Vinod Francis4

	Prevalence of Morton’s toe and assessment of the associated risk factors: a cross-sectional study
	Bhagath K. Potu1, Bader M.M. Saleem2, Noor Al-Shenawi2, Amer Almarabheh3 

	Is there a change in ischiofemoral space in lateral position in comparison to supine
	Morphometric analysis of cavitas glenoidalis with multidedector CT
	Ali Keleş1, Mehmet T. Yilmaz2, Orhan Özbek3, Duygu A. Saygin2, Muzaffer Şeker2

	Logistic regression analysis of sex-related morphological and dimensional variations of maxillary bone: a cone-beam computed tomography-based retrospective study
	Santiago Palacio-Gutiérrez1, Sara Morales-Galeano1, Jorge L. Obando-Castillo2, Clara I. Saldarriaga-Naranjo3, Sergio I. Tobón-Arroyave1

	Parahiatal hernia: A rare type of hernia and the answer to an anatomical challenge
	Fátima Senra Lorenzana1, Asunción Acosta Mérida2, Noman Zafar1, Alberto Martínez Isla3

	Absence of musculocutaneous nerve associated with the presence of an accessory head of the biceps brachii muscle: report of a bilateral case and its clinical implications
	Emilio Farfán1,2, Felipe Araya1, Manuel Barroilhet1, Francisco Cornejo1, Agustín Gutiérrez1, Matías Vergara1, Oscar Inzunza1,2, Natalia Sánchez1, Jaritza Tramolao1, Verónica Inostroza1 

	Effectiveness of mind mapping as compared to didactic lectures for teaching anatomy among first-year medical students - A randomized control study
	Sunil Mathew1, Stephen Dayal2, Nachiket Shankar3

	Macroscopic study of the collection of human fetuses from Granada University
	Kevin Doello1,3,4, Cristina Mesas2,3,4, Francisco Quiñonero2,3,4, Gloria Perazzoli2,3,4, Consolación Melguizo2,3,4, Miguel Guirao2, Jose Prados2,3,4 

	Academic benefits of using cadaveric material in health sciences education: Report of an experience
	Emilio Farfán1,2, Oscar Inzunza1,2


