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Abstract

Background: Amelia and phocomelia represent severe limb reduction defects.

Specific epidemiologic data on these defects are scarce. We conducted a

descriptive analysis of prevalence data in Finland during 1993–2008 to clarify

the epidemiology nationwide in a population-based register study. We hypoth-

esized that increasing maternal age would affect the total prevalence of each

disorder.

Materials and Methods: We collected information on all fetuses and infants

affected by amelia and phocomelia during 1993–2008 from the National Regis-

ter of Congenital Malformations in Finland. The clinical, laboratory, autopsy,

and imaging data were re-evaluated where available for all cases found.

Results: A total of 23 amelia and 7 phocomelia patients were identified. Tha-

lidomide was not an etiological factor in any of the cases. The total prevalence

of amelia was 2.43 per 100,000 births. The live birth prevalence was 0.63 per

100,000 live births. The total prevalence of phocomelia was 0.74 per 100,000

births, and the live birth prevalence was 0.53 per 100,000 live births. Infant

mortality in amelia and phocomelia was 67% and 60%, respectively.

Conclusions: Infant mortality is high among amelia and phocomelia. Most

cases had other major associated anomalies, but syndromic amelia cases were

rare. Total prevalences were higher than previously reported and showed an

increase in prevalence toward the end of the study period. The percentage of

elective terminations of pregnancy for these disorders is high. While isolated

cases are rare, they most likely present a better prognosis. Thus, correct diag-

nosis is essential in counseling for possible elective termination.

KEYWORD S

epidemiology, limb reduction defects, morphogenesis, prenatal counseling

Abbreviations: CNS, central nervous system; ICD, International Classification of Diseases; WHO, World Health Organization.

Received: 18 September 2022 Revised: 23 October 2022 Accepted: 27 October 2022

DOI: 10.1002/bdr2.2123

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2022 The Authors. Birth Defects Research published by Wiley Periodicals LLC.

Birth Defects Research. 2022;114:1427–1433. wileyonlinelibrary.com/journal/bdr2 1427

 24721727, 2022, 20, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdr2.2123 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [24/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:niklas.pakkasjarvi@tyks.fi
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/bdr2
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbdr2.2123&domain=pdf&date_stamp=2022-11-09


1 | BACKGROUND

Amelia and phocomelia represent severe congenital limb
defects. Amelia is characterized by the complete absence
of one or more limbs and is denoted a terminal transverse
defect. True phocomelia, on the other hand, is a segmen-
tal deficit of a limb, where there is a total absence of the
intermediate segments of the limb, but usually, the defect
is more complex. Amelia is more prevalent in the siblings
of younger mothers; 69% of the cases have other associ-
ated anomalies (Bermejo-S�anchez, Cuevas, Amar,
Bakker, et al., 2011). Phocomelia is isolated in half of the
cases, approximately one-third have additional significant
malformations, and 10% are syndromic (Bermejo-
S�anchez, Cuevas, Amar, Bakker, Bianca, et al., 2011).
The monomelic cases are more commonly left-sided
(65%), and in 65%, the upper limb is involved. The non-
syndromic cases are live-born in 67% of the cases.

The overall total prevalence of amelia was estimated
to be 1.41 in 100,000 births during 1968–2006, with live-
born cases comprising 55% in the study among Interna-
tional Clearing House of Birth Defects and Surveillance
members (Bermejo-S�anchez, Cuevas, Amar, Bakker,
et al., 2011). Phocomelia is even more infrequent, with
an overall total prevalence estimate of 0.62 in 100,000
births during the same period (Bermejo-S�anchez, Cuevas,
Amar, Bianca, et al., 2011). In most studies, amelia and
phocomelia have been evaluated globally in conjunction
with other limb defects, terminal transverse defects, or
the limb body wall complex (Martínez-Frías et al., 1997).
Thus, specific epidemiologic data on these defects are
scarce, with only a limited set of publications to this date,
and many of the published reports are single case reports
or case series.

Risk factors for amelia and phocomelia remain mostly
uncharacterized. While amelia and phocomelia are his-
torically described in conjunction with thalidomide expo-
sure and represent the most characteristic manifestations
of the teratogen (Lenz & Knapp, 1962; McBride, 1961),
additional studies on risk factors are lacking (Bermejo-
S�anchez, Cuevas, Amar, Bakker, et al., 2011; Bermejo-
S�anchez, Cuevas, Amar, Bianca, et al., 2011). The thalido-
mide incident pointed toward a sensitivity period of ame-
lia and phocomelia to Days 24–29 after fertilization for
the upper limbs and 27–31 for the lower limbs (Brent &
Holmes, 1988). Thalidomide was causative of limb defects
worldwide during 1957–1962.

We set out to clarify the epidemiology of amelia and
phocomelia in a nationwide population-based register study.
We conducted a descriptive analysis of prevalence data in
Finland during 1993–2008. This cohort included 945,576 live
births and 949,098 total births. We hypothesized that
increasing maternal age would affect the total prevalences.

2 | METHODS

We collected information on all fetuses and infants
affected by amelia and phocomelia in Finland for
16 years between 1993 and 2008. Information was col-
lected on all live births, stillbirths, and terminations of
pregnancy having the following diagnosis: 755.2–755.4
(WHO: International Classification of Diseases-9, ICD-9),
corresponding to the diagnoses of amelia and phocome-
lia. This information was collected from the National
Register of Congenital Malformations in Finland, which
collects data on all live births, stillbirths, and fetuses from
spontaneous abortions and terminations of pregnancy for
severe fetal anomalies, all with at least one significant
congenital anomaly.

The clinical, laboratory, autopsy, and imaging data
were re-evaluated where available for all cases found.
For prevalence calculations, numbers of live births and
stillbirths for 1993–2008 were obtained from Statistics
Finland. Birth prevalence was defined as the number of
cases (live births or stillbirths) divided by the total num-
ber of births (live births and stillbirths). Total preva-
lence was defined as the total number of cases (live
births, stillbirths, and selectively terminated pregnan-
cies) divided by the total number of births. The Poisson
distribution was utilized for confidence interval calcula-
tions due to limited cases. This study was approved by
the Finnish Institute for Health and Welfare (www.thl.
fi), the authority in charge of the registry utilized for
this study, and all work has been done per the Helsinki
declaration.

Our primary outcome measure was the epidemiol-
ogy of both amelia and phocomelia. Secondary out-
come measures were clinical characteristics of
individual cases.

We performed the data analysis using Microsoft
Excel® (Version 16.55) spread sheets and STATA
(Version 17.0; StataCorp LLC, Texas, USA). The chi-
square test was used to compare the proportions. A
p value of <.05 was considered statistically significant.

3 | RESULTS

We found a total of 30 cases that had been diagnosed as
either amelia or phocomelia, according to the National
Register of Congenital Malformations in Finland during
1993–2008. Of these 30 cases, 23 presented with amelia,
and 7 were diagnosed with phocomelia. Of the 23 patients
with amelia, 10 were boys and 10 girls, and the gender
was unknown in three cases. Five of the phocomelia
patients were girls, and two were boys. Thalidomide was
not an etiological factor in any of the cases.

1428 PAKKASJÄRVI ET AL.
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3.1 | Clinical characteristics

The clinical characteristics of the patients are presented
in Table 1. Amelia affected the lower limbs in 70% of
patients, with 31% being left-sided, 56% right-sided, and
in 13%, laterality was not determined. In three patients,
the contralateral limb was affected with another malfor-
mation represented by hypoplasia or terminal defects. Six
patients lacked an upper limb; of these, one was left-
sided, two right-sided, and the defect was bilateral in
three patients. One patient presented without all limbs.

In two patients, all limbs were phocomelic. Two of
the phocomelia patients had a defect in the lower limbs.
In both, the foot was directly attached to the pelvis; one
was right-sided and one was left-sided. The first patient
also had a deficient fibula in the contralateral lower limb.
The other patient had a tibial deficiency in the contralat-
eral lower limb with femur and fibula hypoplasia. There
were three phocomelias of the upper limbs; two were
bilateral, and one was on the left side. The patients with
bilateral phocomelia had radial and ulnar deficiency,
and, in addition, the humeri were hypoplastic on both
sides. The other patient also had bilateral fibula defi-
ciency. The patient with left upper limb phocomelia had
an ulnar reduction defect with radius hypoplasia, lacked

the ulna, and the radius was hypoplastic and did not thus
wholly fulfill the criteria of a segmental defect in
phocomelia.

Most patients identified in this study presented with
other anomalies. Only two patients with amelia and two
with phocomelia were isolated limb defects. One of the
isolated amelia patients was tetramelic, and the other
was upper monomelic. One of the isolated phocomelia
patients had dimelic upper limb phocomelia, and one
presented with tetramelic phocomelia.

Associated anomalies are presented in Table 1. A total
of 69% of patients with amelia of the lower limbs pre-
sented with urinary tract abnormalities; 63% presented
with axial skeleton abnormalities, 56% with abdominal
wall defects, 56% with disorder of sexual differentiation,
and in half of the cases, gastrointestinal tract abnormali-
ties were detected. Respiratory tract abnormalities, CNS
abnormalities, urinary tract abnormalities, and abdomi-
nal wall defects were present in half of the patients with
amelia of upper limbs.

Seventy-one percent of phocomelia patients presented
with abnormalities of the axial skeleton. The majority
presented abnormalities in several organ systems, includ-
ing pulmonary and tracheal anomalies, urogenital, and
gastrointestinal anomalies.

TABLE 1 Characteristics of amelia

and phocomelia in Finland 1993–2008
Amelia Phocomelia

Limb defects Cases Percent (%) Cases Percent (%)

Monomelic

Upper 3 13 1 13

Lower 16 70 2 29

Dimelic

Upper/upper 3 13 2 29

Lower/lower

Upper/lower

Trimelic

Tetramelic 1 4 2 29

Total 23 100 7 100

Associated defects

Syndromic 5 71

Multiple anomalies

Urinary tract 14 61

Axial skeleton 10 43

Gastrointestinal tract 8 35

Abdominal wall defect 13 57

DSD 9 39

CNS 3 13

Respiratory tract 3 13

PAKKASJÄRVI ET AL. 1429
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3.2 | Gestational age and birth weight

Seventy percent of amelia pregnancies (16/23) were elec-
tively terminated. Only one pregnancy was full-term; all
others were premature (under 37 gestation weeks). Four
cases were live born, three were premature (median ges-
tational age 30 + 5 weeks, interquartile range [IQR] 29
+ 0 to 33 + 5 weeks), and one was stillborn. Infant mor-
tality in amelia was 67%, with early neonatal death in all
fatal cases during the first day of life (Table 2).

Infant mortality in phocomelia was 60%, with early
neonatal death during the first day of life in all fatal cases
(Table 2). Seventy-one percent of phocomelia patients
(5/7) were live-born, and 29% of phocomelia pregnancies
were electively terminated. Two of the live-born babies
were full-term, and three were preterms.

Ninety percent of amelia cases were very low birth
weight (VLBW, <1,500 g; weight was unavailable for three
patients), while all live-born phocomelia patients were low
birth weight (LBW, <2,500 g). Forty-three percent (3/7) of
the phocomelia babies were small for gestational age
(SGA), and 13% of the amelia babies were SGA.

3.3 | Maternal age

The maternal age range for the amelia patients was 20–
42 years; 12 of the 23 (52%) were 20–30 years, 4 of the
23 (17%) were 30–35 years, 6 of the 23 (26%) were 35–
40 years and 1 of the 23 over 40 years of age. Five of the
seven of mothers in the phocomelia cohort were 20–
30 years of age and two of the seven were 30–35 years
of age.

3.4 | Prevalences

During 1993–2009, the total number of births was
949,098. The total prevalence of amelia was 2.43 per
100,000 births (95% confidence interval 1.54–3.64
per 100,000 births). The live birth prevalence was 0.63
per 100,000 live births. The total prevalence of phocome-
lia was 0.74 per 100,000 births and the live birth preva-
lence 0.53 per 100,000 live births (Table 2) (95%
confidence interval 0.30–1.52 per 100,000 births). Yearly
total prevalence rates for both amelia and phocomelia are
presented in Figure 1. An increase in the number of ame-
lia cases from year 2000 onward was detected (p < .05)
when comparing cases during 1993–1999 and 2000–2008.
While this numerical trend is observed, it must be inter-
preted with caution due to the limited material.

4 | COMMENT

4.1 | Principal findings and
interpretation

Amelia and phocomelia represent rare congenital limb
defects of very severe nature. We found relatively high
prevalence figures and high mortality rates compared to

TABLE 2 Outcomes and prevalences of amelia and

phocomelia in Finland 1993–2008

Amelia Phocomelia

Outcome

Live births 6 26% 5 71%

Still births 1 14%

Elective terminations 16 70% 2 29%

Infant deaths 4 67% 3 60%

Prevalences (cases/100,000)

Live birth prevalence 0.63 0.74

Total prevalence 2.43 0.53

FIGURE 1 Time trend in total prevalence

rates for amelia (gradient bars) and phocomelia

(dotted bars), rates per 100,000 births

nationwide in Finland

1430 PAKKASJÄRVI ET AL.

 24721727, 2022, 20, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdr2.2123 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [24/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



the literature. Infant mortality is reported to be high.
Most cases born in Finland had significant anomalies in
other organ systems.

In our material, the total prevalence of amelia and
phocomelia was 2.43 per 100,000 and 0.74 per 100,000,
respectively. Data on the epidemiology of these defects
are scarce in the literature. The largest series published
thus far present a worldwide total prevalence of 1.41 per
100,000 (95% confidence interval 1.26–1.57) for amelia
and 0.62 per 100,000 (95% confidence interval 0.52–0.73)
for phocomelia, respectively. From the same studies, the
total prevalences in Finland during 1993–2004 were esti-
mated to be 1.26 in 100,000 births and 0.28 in 100,000
births for amelia and phocomelia, respectively (Bermejo-
S�anchez, Cuevas, Amar, Bakker, et al., 2011; Bermejo-
S�anchez, Cuevas, Amar, Bianca, et al., 2011). Interest-
ingly, the total prevalences were higher in our material.
However, maternal age has increased constantly, possibly
explaining this observed increase in prevalences
(Klemetti, Gissler, Sainio, & Hemminki, 2016). In our
material, the prevalence of amelia increased toward the
end of the study period. Future studies are needed to
reveal whether this observed increase continues. In addi-
tion, numerical limitation of data restricted further statis-
tical analysis to decipher the impact of maternal age and
variances in prevalences. Despite changes in maternal
health and improved health care, advancing maternal
age remains a risk factor for congenital anomalies and
fetal death (Bouzaglou et al., 2020; Fretts, Schmittdiel,
McLean, Usher, & Goldman, 1995).

Studies with extremely rare diseases present many
challenges, including variability in case number, which
may be reflected in observed prevalence variations
(Castilla & Mastroiacovo, 2011). Regarding amelia, how-
ever, a higher prevalence has been observed in younger
mothers, conflicting with this hypothesis (Bermejo-
S�anchez, Cuevas, Amar, Bakker, et al., 2011). We have
no clear explanation as to why the prevalence for amelia
was higher in the latter cohort (cases born 2000–2008) as
risk factor analysis was not performed. Risk factor analy-
sis was deemed unreliable in our study due to the low
number of cases and data and is a subject of further stud-
ies with a more extensive materials.

The sensitivity period of amelia and phocomelia has
been estimated to Days 24–29 postfertilization for upper
limbs and 27–31 days postfertilization for the lower limbs
as deduced from the thalidomide incident (Brent &
Holmes, 1988). This period coincides with blastogenesis
and organogenesis, explaining why defects originating
during this period are usually not confined to only one
organ. Only 2% of the human genome consists of protein-
coding genes, with most of the genome being noncoding
but still containing regulatory elements, and the number

of modifiers far exceeds the number of genes (Gasperini,
Tome, & Shendure, 2020; Smedley et al., 2016). Further,
only a restricted number of genes have been implicated
during morphogenesis, but these signals' local timing and
modulation distinguish the result in tissues and organs
from others (Pakkasjärvi, Koskimies, Ritvanen, Nietos-
vaara, & Mäkitie, 2013). Thus, any disturbance in these
factors, both genes, and regulators, will yield multiple
anomalies and increase the risk of death.

Amelia and phocomelia have severe outcomes. In our
material, 70% of amelia pregnancies were electively ter-
minated, infant mortality was 67%, and 14% of cases were
stillborn. Infant mortality in phocomelia was 60%. Inter-
estingly, only 29% of phocomelia pregnancies were elec-
tive terminations. Previously, 17%–34% of amelia cases
have been reported as stillborn (Bermejo-S�anchez, Cue-
vas, Amar, Bakker, et al., 2011; Castilla et al., 1995; Mar-
tínez-Frías et al., 1997). The adjusted odds ratio for
elective termination of pregnancy in amelia has been esti-
mated to be three and in phocomelia to 4.5 (Bermejo-
S�anchez, Cuevas, Amar, Bakker, et al., 2011; Bermejo-
S�anchez, Cuevas, Amar, Bianca, et al., 2011). In the same
study, 44.4% of amelia and 100% of phocomelia cases
from Finland were elective terminations, respectively.

Syndromes among our material were scarce. Most
cases presented here had associated defects. Amelia is
associated to multiple congenital anomalies, especially for
stillborn cases (Bermejo-S�anchez, Cuevas, Amar, Bakker,
et al., 2011). On the other hand, phocomelia has been
shown to present as an isolated defect in half of the cases,
in contrast to our findings (Bermejo-S�anchez, Cuevas,
Amar, Bianca, et al., 2011; Evans, Vitez, & Czeizel, 1994).
It has been speculated that syndromes among amelia are
explained by the fewer etiologies compared to limb reduc-
tion defects in conjunction with the postulate that amelia
is not considered to be of genetic origin (Bermejo-S�anchez,
Cuevas, Amar, Bakker, et al., 2011).

Monomelic cases were most common in both groups,
83% in amelia, and 42% in phocomelia, respectively,
which is in line with previously reported data (Bermejo-
S�anchez, Cuevas, Amar, Bakker, et al., 2011; Bermejo-
S�anchez, Cuevas, Amar, Bianca, et al., 2011; Evans
et al., 1994). In our study, an excess of lower limb
involvement in momonelic cases was evident in amelia
and slightly lower but dominant in phocomelia. Bermejo-
Sanchez' large cohorts presented data on more upper
limb involvement in both defects, but previous studies
have reported equal or a higher frequency of lower limb
defects (Bermejo-S�anchez, Cuevas, Amar, Bakker,
et al., 2011; Bermejo-S�anchez, Cuevas, Amar, Bianca,
et al., 2011; Froster-Iskenius & Baird, 1990; Martínez-
Frías et al., 1997). In line with previous reports, laterality
was not dominant in our series either.

PAKKASJÄRVI ET AL. 1431

 24721727, 2022, 20, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/bdr2.2123 by D

uodecim
 M

edical Publications L
td, W

iley O
nline L

ibrary on [24/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



There is a dearth of studies on risk factors for amelia
and phocomelia. While both defects were described with
exposure to thalidomide, additional teratogens have not,
to our knowledge, been described. The small number of
cases may limit risk factor analysis, but such a study
would be necessary for further delineation.

4.2 | Limitations of the data

Our study is hampered by the low number of cases, which
easily skews any analysis of distribution regarding the clini-
cal presentation. Despite this, most of our findings are in line
with previous reports. The National Register of Congenital
Malformations in Finland has prove of high quality in
numerous studies regarding sensitivity and specificity
(Koskimies, Lindfors, Gissler, Peltonen, & Nietosvaara, 2011;
Pakkasjärvi et al., 2006; Syvänen et al., 2014). Thus, we
believe in having a complete ascertainment of cases, despite
only utilizing one source to collect cases.

Further studies addressing risk factor analysis for
both amelia and phocomelia are needed, in addition to
follow-up studies investigating whether the observed
increase in prevalences toward the end of this study
period represents an actual rise in cases.

5 | CONCLUSIONS

This study showed that the prevalences of amelia and
phocomelia seem to rise in Finland. Thalidomide is not
an etiological factor currently. Infant mortality is high
among amelia and phocomelia. The percentage of elec-
tive terminations of pregnancy for these disorders is high.
While isolated cases are rare, they most likely present
with better prognoses. Thus, correct diagnosis is essential
in counseling for possible elective termination.
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