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Summary

Variations in cephalo-facial growth among 35 Dowir'’s syndrome children (DSP) of an dge ranging
Srom 510 15 years were studied with respect to six antbropometric characters and were compared with
normal children of the same age group to assess the extent of differential growth. A negative correla-
tion was found between age and z-scores, especially for head length, head circumference and maxi-
mum facial breadth. which suggests a deceleration of growth among DSP. The comparison of standard
growth curves of local school children with those of DSP suggests distinctive patterns of growth espe-
cially for bead length. bead circumference and bizygomatic breadth and the log values of the cepha-
lo-fucial characters fall below the 50" percentile for most of the age groups.
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Several studies investigating the pattern of
human growth and its concomitant varia-
bles have revealed the influence of genetic,
nutritional, socio-cconomic and environ-
mental factors on populations under diffe-
rent spatio-temporal conditions (1-7) con-
versely, the patterns of growth in case of
abnormal conditions are little understood.
While it is known that certain chromosomal
abnormalities are associated with a
morphological abnormality due to a diffe-
rential growth pattern, the extent to which
these patterns differ from normal growth
has been litde investigated (8-9). In general,
it is known that a gradual increase occurs
with age in mean values of cephalo-facial
dimensions in children, and this fact is well
documented (10-13), whereas the results of
anthropometric studies of growth pattern
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with specific attention to Down’s syndrome
(children or DSP), a common chromosomal
abnormality, are not completely known yet.
Studies on DSP reveal certain abnormal
characters of brachycephalic to hyperbra-
chycephalic nature (14) with reduced head
length (15). The maxillary growth is redu-
ced in comparison with mandibular growth
(16) and hypoplastic development is seen
in the mandible with a reduced mandibular
angle (17). Percentile values are lower for
head circumference and were found to be
reduced in the DSP if compared with nor-
mal children (18,19) and also the associa-
tion between mental functioning and struc-
tural asymmetry has been investigated (20).
To what extent does the cephalo-facial
growth pattern in DSP differ from that of
normal subjects? Can we assume that the
same intluencing factors affecting growth in
the normal children are also at play in case
of DSP? Is the same influencing factors
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common to all DSP, irrespective of socio-
economic and other environmental factors?
Such studies are important to monitor
growth in DSP, to devise corrective (clini-
cal, surgical and pediatric etc.) measures
and to get a better understanding of human
growth and its genetic influences both on
normal and abnormal children. This study
examines the extent of variation of six
cephalo-facial characters between different
age groups among DSP when compared
with normal children or the extent of devia-
tion in growth patterns of DSP in compari-
son with normal children’s.

Materials and methods

A series of 34 anthropometric measurements
were obtained from 35 male DSP belonging
to 5-to-15 year age range, for a detailed
study. Out of these, the following six cepha-
lo-facial measurements have been conside-
red for the present study. The six measure-
ments taken into account are the following:
maximum head length (g - op); maximum
head breadth (eu - eu); head circumference
(g - op - g); minimum frontal breadth (ft - ft);
maximum facial breadth (zy - zy) and bigo-
nial breadth (go - go). The selection of these
six measurements was determined by the re-
sults of earlier studies (14,20,21) which sug-
gest a more significant dismorphogenesis of
cephalo-facial characters than other charac-
ters in DSP. The growth status of these cha-
racters in DSP is compared with that of sui-
table normal children. The above measure-
ments were taken by the first Author (SD)
following, for each measurement, the land-
marks as laid by (19,22,23).

To compare the growth status of DSP with
that of normal controls, the raw scores of
each measurement were converted into stan-
dard z-score with age appropriate standards
(24). As no published local growth pattern
of regional children was available, another
sample of 550 apparently normal and
healthy male children between the age
group of 5 and 15 years were measured

(cross-sectionally) for the study so as to ser-
ve as suitable controls.

The deviation in individual measurements
(the extent of reduction or increase in linear
dimension) when compared with normal
controls was classified according to Farkas,
Munro and Kolar (14). The abnormal measu-
rements in DSP showing a value less than
two-standard deviation and one-standard
deviation different from the mean age of the
control group were considered subnormal.
The extent of the deviation was analyzed in
terms of both absolute and signed (relative)
values. The absolute value indicates the re-
duction corresponding to minimum values
among the control group.

Association between z-scores for each
cephalo-facial variable and age were com-
puted by Pearson correlation cocfficient and
the significance of r was tested by t-test. Tc
compare the age changes in each of the six
cephalo-facial measurements among DSP
with respect to the corresponding variation
in appropriate age-controlled and cross-sec-
tional control group, the group means of
each measurement of DSP were converted
into log values and plotted separately again-
st the log values of 5", 50" and 95" percen:
tile values of normal controls. These were
shown graphically.

Results

The mean z-score values for the six cephalo
facial measurements among DSP have beer
summarized in table I. A high mean z-score
was found in three characters: maximum fa
cial breadth (-3.60), head circumference (-
3.36) and maximum head length (-2.52) and
the lowest was observed in head breadith.
But the maximum range of z-score values
was observed for facial breadth (-9.70) and
the minimum for bigonial breadth (-4.60);:
however, the three head measurements;
show an almost equal range. The extent of
the deviation in six characters among DSP,
expressed in terms of percentages according
to standard levels of comparison based on
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Table I Mecan z-scores of six cephalo-facial measurements in Down's syndrome

Variables Mean z-score Minimum Maximum
Maximum head length (HL) -2.52 -7.69 3.82
Maximum head breadth (HB) -0.89 -7.41 3.48
Head circumference (HO) -3.36 -7.50 0.99
Minimum frontal breadth (Fr3) -1.40 -5.54 1.38
Maximum facial breadth (FcB) -3.60 -9.70 1.88
Bigonial breadth (BB) -1.86 -4.00 1.39

Table II Correlation betiveen z-scores dand
age in Down’s syndrome children

Variables “r” Significance
Maximum head length - (HL) -0.58  p <0.001
Maximum head breadth (HB) -0.24 n.s.
Head circumference (HC) -033 p<0.005
Minimum frontal breadth (FrB) -035 p
<0.05

Maximum facial breadth (FeB) -0.29 ns.

n.s. = not significant

standard deviation has been reported in ta-
ble TII. A majority of DSP shows subnormal
values below 2SD levels except for head
breadth (9 DSP). The percentage of reduc-
tion (below 2SD) in linear dimensions in in-
dividual characters varies among the DSP
from 74% (maximum) for head circumferen-
ce (26 out of 35 DSP); 71% for both head
length and facial breadth (25 DSP). In case
of 1SD level, bigonial breadth shows the
maximum frequency of DSP (31%) followed
by head breadth (23%).

The association between z-scores values of
each measurement with age among DSP is
shown in table 1I. All six values show negati-

ve correlation, but only three attain statistical
significance, especially for head length (p <
0.001), head circumference (p < 0.005) and
frontal breadth (p £ 0.05). Figure 1 shows
the age specific variation of group means
(log values) for each of the six measure-
ments of Down’s syndrome plotted against
the corresponding age specific variation of
the log values of the 5 50" and 95" per-
centile growth curves of the normal control
group. The graph indicates that the pattern
of growth among DSP is distinctively diffe-
rent from that of normal subjects in all six
characters, even though the sample size for
DSP is not appreciable. The extent of varia-
tion among DSP is different for each charac-
ter and varies with age. In case of maximum
head length, the log values of DSP lie below
the 5™ percentile except at seven years. In
case of head breadth, most of the values are
close to the 50" percentile except for 13 to
15 years, where it lies near to the 5™ percen-
tile. Concerning head circumference, the age
specific growth closely resembles the pat-
tern observed for head length. In case of mi-
nimum frontal breadth and bigonial breadth,
the age specific mean values of DSP fall

Table III Summary measurements in Down's syndrome children
< -28D <-1SD

Variables N % N %
Maximum head length (HL) 25 71.43 5 14.29
Maximum head breadth (HB) 9 25.71 8 22.86
Head circumference (HC) 26 74.29 6 17.17
Minimum frontal breadth (Fr3) 12 34.29 9 25.71
Maximum facial breadth (FcB) 25 71.43 5 14.29
Bigonial breadth (BB) 17 48.57 11 31.43
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Figure 1 Variation in cephalo-fucial growth in six anthropometric characters among Down's syndro
me children between S to 15 years of age compared with age - specific standard normal growth cirve
(5%, 50" and 95" percentile’ of control (school children) population.
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between the 30" and 5" percentile curves
except for a slight increase (sharp raise) at 13
years of age group, where the corresponding
log values almost touch the 50" percentile.
As to maximum facial breadth, log values of
DSP fall below the 5P percentile, where it
shows some deceleration from the 10® year
onwards and increases from 12 to 14 years of
age 1o lie close to the 5™ percentile.

Discussion

The extent of growth or deviation from the
normal growth standards observed in the
head morphology of DSP is more or less in
agreement with the results obtained in
Down’s syndrome subjects elsewhere in the
world (25). The observed negative correla-
tion between z-scores of cephalo-facial mea-
surements and age among DSP suggests so-
me slowing down (or deceleration) in the
growth processes as suggested by Meany
and Butler (9). This was prominent in case
of maximum head length followed by head
circumference and minimum frontal breadth.
Since these characters are highly correlated,
any change in any one measurement which
affects size and shape of the head morpho-
logy is reflected in other characters either
positively or negatively, due to buffering ac-
tion. In Down’s syndrome, head length di-
sproportionately varies with head breadth
and this affects head circumference and pos-
sibly other characters including frontal
breadth. This possibly implies that one sin-
gle factor or more factors may be responsi-
ble for the deceleration of growth in Down’s
syndrome. This hypothesis gains credence in
view of similar such observations (18), sug-
gesting common factors, which are possibly
related to genetic influence associated with
chromosomal abnormality. The growth cur-
ve shows that these characters fall below the
50t percentile. The result is head shortening
and flattened occiput, as suggested by Ja-
swal and Jaswal (15).

One of the observations made is the wide he-
terogeneity in the measurements of characters

performed, more vertically (Iengthwise) than
horizontally (breadthwise). Part of this wide
variation could be due to sampling, especial-
ly, to the sample small size and to the nature
of the data obtained. Though the data were
collected from school records identified as
being related to DSP, owing to the lack of
karyotyping data it was not possible to clas-
sify them into sub groups according to chro-
mosomal patterns. However, even if this were
done, a much larger sample size would be re-
quired for the analysis, which might reduce
the inconvenience due to sampling. Another
possible source of variation could be the mu-
tual correlation between characters, some
characters being positively and others negati-
vely associated, resulting in a wide variation
between characters. What is desirable is to
perform a multivariate analysis, taking into
account the mutual correlation between cha-
racters, which is expected to show common
influencing factors related to the deceleration
of growth in DSP. This can also help to sear-
ch for genetic factors related to chromosomal
aberration, or morpho-gene in man.

The pattern of growth and the extent of de-
viation of each group of DSP are distinctly
different from those of the normal control
group, despite the small sample size and the
lack of data for the eight and nine year-age
groups of DSP. The results indicate that the
growth process in case of DSP is different
for each measurement and between age
groups and that it shows a rather skewed di-
stribution. This fact suggests a general pat-
tern of the abnormality of DSP, which would
reoccur even if the sample size was increa-
sed but it might differ if the different types of
DSP are compared separately. This cannot
be easily checked on account of the lack of
such studies; few such quantitative studies,
though available, do not include the above
characters and do not help to make compa-
risons (8,9).

The preliminary study exemplifies the extent
of deviation in some cephalo-facial charac-
ters, which is distinctly different among a
majority of DSP. This quantitative assessment
extremely important in surgery, corrective
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physiotherapy in retarded growth and in pe-
diatric and clinical identification. It may also
help to understand the genetics of growth
process at the micro level, and the genetics
of the population morphology in case of ab-
normal morphological disposition. The re-
sults of the study encourage to undertake
these studies possibly with additional cha-
racters, preferably taken from a large sample
and with the knowledge of karyotyping and
other genetic characters.
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