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ABSTRACT  Craniofacial measurements were taken in 60 cases presenting
with microcephaly. The cases were classified etiologically and morpho-
logically and the latter was further subclassified. Craniofacial pattern profiles,
cranial capacity, and the pattern variability index were calculated and
compared with normal Hungarian controls of the same age and sex. In
addition, correlation analysis between cranial capacity and 1Q was done. Our
results show significant similarity of the craniofacial pattern profiles between
isolated microcephaly (IMC) and multiple microcephaly (MMC), and between
primary microcephaly (PMC) and secondary microcephaly (SMC). The pattern
variability index of the microcephalic cases was 4.77. There was no correlation

between cranial capacity and 1Q in the microcephalic patients.
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Microcephaly (MC) is not a specific
diagnostic sign, but a group of condi-
tions that have one common feature —
small head circumference — which may
stem from heterogeneous genetic as well
as environmental etiologies. Microce-
phaly is not distinguished by a charac-
teristic facial appearance except that
of reduced size of the head. However,
few anthropometric craniofacial studies

reported deal with this subject. Further-
more, it is very difficult to make a ge-
neral statement about the impact of the
small head size on IQ.

According to NELLHAUS [1968], micro-
cephaly is defined as a head circum-
ference of 2 standard deviations below
the average for age, sex and ‘race’.
OPITZ and HOLT [1990] classified pri-
mary MC according to head circum-
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ference measures at birth and considered
all cases that develop MC after that time
to be acquired. However, others denied
the value of head circumference at birth
and classified MC into primary and
secondary. The former (PMC) is defined
as it has a genetic basis, and it is diag-
nosed after the exclusion of all the envi-
ronmental factors and it may be evident
in the first months of life, while the
latter (SMC) could stem from various
environmental causes [HOLMES et al.
1972, QAz1 and REED 1973, SCHEFFER
et al. 1992]. Microcephaly could be
termed genetic when talking about
primary MC [SCHEFFER et al. 1992]. In
addition, MC is also known as isolated
(non-syndromal) when there are no asso-
ciated anomalies except those that can be
attributed to the small size of the brain,
i.e., mental retardation and epilepsy, or
multiple (syndromal) when there is an
additional developmental disorder occur-
ring in an organ or tissues other than the
brain [COHEN ef al. 1996].

This study presents the craniofacial
pattern profiles, as well as the pattern
variability index of the various pheno-
types of microcephaly, in order to assess
whether these measurements are useful
for determination of the etiology of mi-
crocephaly, to compare the craniofacial
characteristics according to different
classifications (etiology and morphol-
ogy), and to find out a correlation be-
tween microcephalic cranial capacity
and 1Q.

Materials and methods

309 patients affected with either IMC
or MMC were registered at the Hun-
garian Congenital Abnormality Registry
(HCAR) from 1980 to 1996. The HCAR

is based on a national registry of cases
with congenital abnormalities. Notifi-
cation of congenital abnormalities is
mandatory for medical doctors, particu-
larly obstetricians and pediatricians. Pa-
tients with MC were selected from the
data set of the HCAR and then invited
(with their parents) to the Department of
Human Genetics and Teratology of the
National Public Health Institute for
personal evaluation and check-up exami-
nation. In addition, we evaluated 42
cases in the residential institutes of
mentally subnormal children (National
Methodological Institute of Hygienic
Children’s Home, Pet6 Institute and
Institute of Children with Mental Sub-
normality in Budapest). Finally, 16
cases with MC who visited the Genetic
Counselling Clinic in Budapest during
the period January 1997 — January 1999
were also examined and evaluated.
Microcephaly was defined if there
were at least 3 successive measurements
taken in the first year of life and 2
successive measurements taken after the
first year and if their maximal head
circumference fell more than 2 SD
below the mean of the same age and sex
using two Hungarian samples of EIBEN
et al. [1992] and JOUBERT et al. [1993].
These criteria led to the exclusion of
many cases diagnosed at birth as
microcephalic, since successive head
measurements in the first year of life
proved that these cases showed catching
up of the head growth and attainment of
normality by the first year of life. In
addition, we excluded cases with cranio-
stenostosis, Down syndrome, Rubin-
stein-Taybi syndrome (these cases have
special craniofacial patterns), micro-
cephaly due to systemic disease such as
congenital cardiovascular malformations
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or malabsorption (these diseases can
cause microcephaly but may be revers-
ible). We also excluded cases with sev-
ere contracture deformity, which en-
abled us to put the patient in the correct
position to take accurate cranial mea-
surements.

Of the 60 cases fulfilling the selection
criteria of our study, 27 were males
(45%) and 33 females (55%). At the
time of examination, the age of the cases
ranged from 1 to 27 years old (mean
13.07 £1.17 yrs). We then evaluated the
60 MC cases, which were classified
etiologically into primary microcephaly
(PMC) and secondary microcephaly
(SMC), and morphologically into iso-
lated (IMC) and multiple congenital
abnormality associated with microceph-
aly (MMCO).

Detailed prenatal, perinatal and post-
natal histories were obtained, and pa-
tients were diagnosed as having PMC if
they have fulfilled most of the following
criteria: (1) history of consanguinity; (2)
affected sibs; (3) history of mental
retardation and/or microcephaly in the
family; (4) normal pregnancy history;
(5) normal delivery history; (6) negative
results of serology for connatal infec-
tions; (7) negative screening test for
PKU and hypothyroidism; and (8) exclud-
ing the environmental factors (trauma,
drug ingestion etc.). Conversely, SMC
was suggested to be present if the
patients showed implicated environ-
mental factors.

All of the patients were closely phys-
ically and clinically examined with
special emphasis on the congenital abnor-
malities and the neurological status by
two of the authors who, in addition,
retrospectively reviewed all the hospital
medical records. Morphological classi-

fication of MC was based on: (1) the
clinical manifestations; (2) neurological
evaluation; (3) CT and or MRI picture;
(4) chromosomal study. Regardless of
etiology, we classified microcephaly mor-
phologically into two forms (see Fig. 1):

1) Isolated microcephaly (IMC):
where there were no associated anom-
alies except those that can be attributed
to the small size of the brain.

2) Multiple microcephaly (MMC):
which is defined where there is an
additional developmental disorder oc-
curring in an organ or tissues other than
the brain.

IMC and MMC were further subclas-
sified as is shown on the graph (Fig. 1).

Intelligence quotient (IQ) and/or de-
velopmental quotient (DQ) were tested
in all the patients using the Budapest-
Binet test and the Popper-Szondy scale
(the Hungarian standard of development
during infancy and early childhood).
The IQ was then classified according to
the WHO classification into: (1) normal:
85-100; (2) subnormal (but still edu-
cable): 84-70; (3) mild: 51-69; (4) mod-
erate: 36-50; (5) severe: 21-35; (6) pro-
found: 0-20.

A series of anthropometric cranio-
facial measurements were taken for each
case according to the method of FARKAS
[1981]. The anthropometric traits used
in this study were chosen to comprise
measurements that represent the head
breadth (eu—eu), the head length (g—op),
the facial height (n—gn) the bizygomatic
width (zy—zy) and the head circum-
ference. Standard anthropometric equip-
ment, including GPM sliding and spread-
ing, blunt ended calipers and a steel
tape measure were used. In the data
collection and measurements, record-
ing was done to the nearest 0.5 mm.
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MICROCEPHALY

I
Isolated microcephaly (IMC)
|

1
Multiple microcephaly (MMC)
|

Natural

was defined as microcephaly with normal
intelligence and these cases have special
facial features (Ri1zzo and PAVONE 1995,
ABDEL-SALAM and CZEIZEL 2000).

As a part of well known syndrome
e.g., Smith-Lemlie-Opitz syndrome,
Cohen syndrome, Cornelia de Lange
syndrome, Rett syndrome, etc.

Single (pure or simple)

when there is only microcephaly with
mental retardation and /or seizures
(JACKSON et al. 1998).

As a part of unidentified multiple
congenital abnormalities

Sequence

if microcephaly was associated with
cerebral palsy (normal CT picture)
(MITCHELL and BUBDEY 1997, GROSS-
TSUR et al. 1995).

As a part of chromosomal

aberrations syndromes
e.g., Ring 14 syndrome, 17p+, etc.

Complex

when the microcephaly is due to
congenital brain malformation e.g.,
porencephaly, pachygyria and etc., and it
was presented with microcephaly with
tetraplegia (BARKOVICH et al. 1996).

Due to teratogens
e.g., alcohol, solvents, rubella,
cytomegalovirus, toxoplasmosis, etc.

Fig. 1. The proposed morphological oriented classification of the microcephaly.

Cranial capacity (only for adults; N = 20)
was calculated by the method of Pearson
(see MARTIN, SALLER [1957]) and
morphological facial index and cephalic
index were calculated by the Martin
and Saller’s formulae.

The age- and sex-matched control
data (normal population) were obtained
from the published measurements
performed by EIBEN [1967] on healthy
Hungarians (boys and girls 1-19-year-
old; N=1,656). For each craniofacial mea-
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surement of each case, a standardized
z-score (standard deviation units) was
calculated as the difference between the
measurement and mean for age and sex
divided by the age appropriate standard
deviation. Thus, the effects of age and
sex are eliminated [GARN et al. 1985].
Then the pattern variability o, (standard
deviation of the set of z-scores for each
individual) was calculated to show the
extent of dysmorphogenesis among the
microcephalic cases. Actual values of o,
ranged from near the theoretical mini-
mum of 0.0 through 1.27 for the most
extreme of the normal individuals and
2.0 and above for malformation condi-
tions.

For statistical analysis of the data,
SPSS software (version 6) was used.
Simple linear regression and correlation
coefficient (r,) analysis was computed
from paired z-scores of two pattern
profiles to evaluate the similarity be-
tween different pattern profiles, which
provides a numerical indication of the
similarity of any two patterns. All the
tests were two-sided and p values of 0.05
were considered significant. In addition,

the t-test was used to compare the values
of all the measurements. Correlation anal-
ysis was then done to show interdepen-
dence between cranial capacity and 1Q.

Results

General features

The head circumference of the patients
ranged from 3 to 8.6 SD below the
mean. Seven cases (11.7%) showed
affected family members (sibs and other
relatives) either with the same genetic
disorder or with other genetic abnor-
malities and/or mental subnormalities,
including one brother and sister pair
from consanguinous parents. None of
the parents had a microcephalic head.
Congenital microcephaly was present
in 43 cases (71.7%) while 17 cases
(28.3%) developed microcephaly in the
first months of life. According to the
etiological classification, 41 cases (68.3%)
had PMC while 19 cases (31.7%) had
SMC. The number of cases classified
according to the morphological classifi-
cation is shown in Table 1.

Table 1. Number of cases and pattern variability indices of cases with microcephaly according to
the morphological classification

Number of cases

Pattern variability index

Isolated microcephaly Total =32 (53.3%) 4.60
Natural 1 5.11
Single 8 4.61
Sequence 12 4.22
Complex 11 4.59

Multiple microcephaly Total = 28 (46.7%) 5.03
Well identified syndromes 14 5.34
Unidentified syndromes 7 5.20
Chromosomes 3 6.58
Teratogens 4 3.01
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While 58.3% (N = 35) of the patients
showed normal tone and reflexes, spas-
tic paraplegia or quadriplegia were
evident in 41.7% of the cases (N = 25).
The mean 1Q of the cases was 33.8 +2.9,
with a range of 4 to 85. CT and/or MRI
imaging showed abnormalities in 45.9%
of the cases (N = 27). Chromosomal
analysis showed structural abnormalities
(one with ring 14, one with 21p+ and
one with 7p+) in 3 cases (5%).

Craniofacial pattern profiles

All the craniofacial profiles display
z-scores on the vertical axis and cranio-
facial traits on the horizontal axis. The
profiles of cases with various types of
MC are fairly similar (Figs. 2, 3), since
the correlation coefficients (r,) were
0.863 (p = 0.01) and 0.967 (p = 0.0001)
in those with primary and secondary mi-
crocephaly and cases with isolated and
multiple microcephaly, respectively. The

differences between the craniofacial mea-
surements in cases with MC according
to various classifications are presented
in Table 2. Cases with secondary MC
presented with higher craniofacial val-
ues than those of primary MC, except in
respect of the cephalic index (Fig. 2 and
Table 2). The isolated MC cases also
show higher values in the majority of
the measurements and indices than the
multiple MC cases (Figs. 3, 4 and Table
2). There was no correlation between
cranial capacity and the head circum-
ference (p = 0.07) or between cranial
capacity and IQ (p = 0.3) at the time of
examination.

The pattern variability index o, of
the microcephalic cases was 4.77. It
was slightly higher in males than fe-
males (4.84 and 4.71, respectively). The
pattern variability index according to
morphological classification is shown in
Table 1.

Table 2. Differences between the craniofacial measurements in cases with microcephaly according
to various classifications

IMC MMC P value PMC SMC P value

N=32 N=28 N=41 N=19
g-op -1.6 -2.7 0.02* 2.4 -1.5 0.09
eu-eu -4.6 -2.6 0.00* -4.6 -4.5 -0.75
n-gn -1.2 -1.7 0.13 -1.6 -1.0 0.16
zy-zy -3.5 -3.5 0.90 -3.5 -33 0.68
Facial index 1.4 0.8 0.20 1.0 1.6 0.29
Cephalic index -2.7 -1.8 0.06 -2.1 -2.6 0.32
Cranial capacity 1050 1126 0.09 1066 1150 0.06
1Q 28.9 39.3 0.07 37.3 29.2 0.07

* statistical significance.

Abbreviations: IMC — isolated microcephaly; MMC — multiple congenital abnormalities associated with microcephaly, PMC —

primary microcephaly, SMC — secondary microcephaly.
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Fig. 2. Craniofacial pattern profile which compares cases of primary microcephaly versus secondary. The two
patterns are strikingly similar (» = 0.86; p = 0.012).
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Fig. 3. Craniofacial pattern profile which compares cases of isolated microcephaly versus multiple. The two
patterns are strikingly similar (» = 0.96; p = 0.000).
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Fig. 4. Craniofacial pattern profile which compares the subgroups of the microcephalic cases according to

morphological classification.

Discussion

This study described the craniofacial
profile in 60 cases with MC although
they were etiologically (primary or
secondary) or morphologically (isolated
or multiple) different. Our data have
shown that regardless of etiology or
morphology, cases with MC presented
with the same craniofacial pattern. Cases
with primary and secondary microceph-
aly showed lower values when compared
to the control, but these values are lower
in primary than secondary microceph-
aly. Conversely, cases with secondary
microcephaly showed a smaller differ-
ence compared to the control. It is note-
worthy that the morphological facial
index showed the smallest difference

compared to the control. Cases with MC
are described in the literature charac-
terized by a receding forehead, often
parallel with a slanting nose, receding
chin and normal size face [BARAITSER
1982], but there is no agreement among
authors about the application of these
criteria to the diagnosis of microcephaly
[SCHEFFER et al. 1992].

Generally, the pattern variability index
expresses the degree of dysmorphogen-
esis as a single number. Specific pat-
terns are described in many syndromes,
being 5.20 in Down syndrome [ALLAN-
SON et al. 1993], 2.03 in Apert syn-
drome, 1.71 in acrocephaly syndactyly
syndrome, 1.48 in Crouzon syndrome
[WARD et al. 1998], 1.41 in Sotos syn-
drome [ALLANSON and COLE 1996] and
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1.21 in Beckwith-Wiedemann syndrome
[HUNTER and ALLANSON 1993]. In gen-
eral, our microcephalic cases showed
a pattern variability index of 4.77. This
pattern exhibited a slight difference
among males and females probably be-
cause of the striking similarity of the
craniofacial pattern in cases with MC in
both sexes and in different groups ac-
cording to morphological classification.

This study has documented that the
cranial capacity of cases with micro-
cephaly did not correlate with IQ or
head circumference, which is strong
evidence for the hypothesis that 1Q is
determined neither by cranial capacity
nor the degree of MC. This conclusion
has also been arrived at in many pros-
pective studies of microcephaly [QAZI
and REED 1973, DOLK 1991]. However,
the result of this study requires further
investigations into microcephalics to
determine whether it is a general charac-
teristic of MC or merely a chance-effect.
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Streszczenie

Celem pracy bylo: (1) zbadanie proporcji mozgowej i twarzowej czgsci glowy u o0sob
z mikrocefalig i okre$lenie stopnia odchylen tych proporcji od wartosci uznawanych za
normalne w populacji oraz (2) zbadanie korelacji miedzy obliczona pojemnoscia puszki
mozgowe] a wskaznikiem IQ w grupie mikrocefalikow. U 60 osobnikow w wieku 1-27 lat
z rozpoznang mikrocefalia, pochodzacych z Wegierskiego Rejestru Wad Wrodzonych,
zmierzono dlugos$¢ i szerokos$¢ glowy, wysoko$¢ 1 szerokos$¢ twarzy oraz obwodd glowy.
Oznaczono réwniez iloraz inteligencji 1Q. Z pomiaréw obliczono wskazniki ilorazowe
i pojemno$¢ puszki mézgowej. Warto§ci pomiardw znormalizowano na wiasciwe dla pilei
1 wieku normy wegierskie. Poréwnan osob z réznymi postaciami mikrocefalii i z danymi dla
0so6b zdrowych dokonano metoda profili wartosci znormalizowanych z. Stwierdzono, ze
profile nie réznig si¢ istotnie migdzy podgrupami z mikrocefalia prosta (IMC) i ztozona
(MMC) oraz migdzy podgrupami z mikrocefalia pierwotna (PMC) i wtérna (SMC).
Wskaznik wewngtrznej zmiennosci ksztattu glowy o, u os6b z mikrocefalia ($rednia
z odchylen standardowych znormalizowanych pomiarow gtowy osobnika) u badanych os6b
wynosit srednio 4,77. U o0séb tych nieistotny okazal si¢ rowniez wspotczynnik korelacji
migdzy objgtoscia puszki mézgowej i wskaznikiem inteligencji 1Q.



