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Cleft lip and palate in the Oxford Area
An examination of the evidence for clustering in
space and time
A. B. HEATH
From the Department of Medical Statistics, University of Newcastle upon Tyne

SUMMARY Children with cleft lip and/or palate born during the period 1965-74 inclusive in the
Oxford area were examined for evidence of any tendency for clustering. The methods suggested
by Knox (1963), David and Barton (1966), and Smith and Pike (1974) were used. No
clustering was evident in space or in time. There was some indication of clustering in space-time
for isolated cleft palate during the period 1965-71, but this was not repeated during 1972-74.

When studying a disease for evidence of clustering,
there are three types of possible clustering that must
be investigated. These are:

1. Clustering in space
2. Clustering in time
3. Interaction between space and time concen-

trations.
The last of these, (3), amounts to the question:

Are cases which occur close in space also close in
time? The presence of clustering usually indicates
some causal environmental factor, which is local in
both time and space, such as an infection.
The possibility of these forms of clustering

affecting the incidence of cleft lip and palate in the
Oxford area, for the years 1965-74 inclusive, is
investigated.

The data

The data consist of the date of birth and the
mother's home address for each case of a cleft lip
and/or palate in a child born during the period
1965-74 in the Oxford Regional Hospital Board
area. This information was obtained from the
Oxford Record Linkage Study. The map references
of the addresses were obtained from 6 inch : 1 mile
Ordnance Survey maps. For villages and small
towns where the exact address could not be
pinpointed the map reference was taken at some
central point. Most references are accurate to
within less than 1 km. A few cases could not be
traced and were omitted from the study.

SPACE-TIME CLUSTERING
Knox (1963, 1964) devised a test for the interaction
of space and time clustering, and discussed the
problems of detecting any clustering when the

incidence of the disease was relatively rare. In the
test the pairs of births were counted to see how many
were close in both space and time. By close we mean
within some previously specified critical time or
distance.
The data for 1965 to 1971 were originally used,

and the test of Knox (1963) was performed. An
exact formula for the variance of Knox's test
statistics, obtained by David and Barton (1966),
was used. When the 1972-74 data became available
the test was repeated on the new data independently,
and then on the combined data set.

It has been suggested that isolated cleft palate
is aetiologically different from cleft lip, which may
or may not have an associated cleft palate (Fraser,
1970). For this reason, the Knox test was carried
out on cases of isolated cleft palate, and the cases
of cleft lip with or without cleft palate, separately.

Various different critical times and distances
were used for specifying whether a pair were
'close'. The results are shown in Tables 1, 2, and
3. The figures show the number of pairs close in
space and time, together with the expected values

Table 1 Results of Knox's tests for 1965-71 inclusive

Alternative critical time (months)

1 2 3

Alternative 2 2 (0 80) 5 (1 59)* 7 (2-38)*
critical 14 (8 25)* 23 (16-98) 27 (25 57)
distance
(km) 3 2 (1-81) 5 (3-58) 10 (5-34)*

22 (15 14)* 39 (3116) -

Upper figures relate to isolated cases of cleft palate
Lower figures relate to all cases of cleft lip and/or palate
*Represents a significant result at the 5% level
Total number of cases:

Isolated cleft palate 64
All cases 171
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Table 2 Results of Knox's tests for 1972-74 inclusive

Alternative critical time (months)

1 2 3
Alternative 2 0 (0-62) 1 (1-21) 2 (1P62)
critical 0 (2-37) 4 (4-75) 6 (7 05)
distance
(km) 3 1 (1-23) 3 (2-41) 4 (3 25)

2 (4*30) 8 (8 61) 10 (12 79)

Total number of cases:
Isolated cleft palate 26
All cases 61

Table 3 Results of Knox's tests for 1965-74 inclusive

Alternative critical tune (months)

1 2 3

Alternative 2 - 6 (2 76) 9 (3 .97)*
critical 15 (10-57) 28 (21-77) 34 (32 61)
distance
(km) 3 - 8 (5-20) 14 (7 50)*

25 (18-83) 49 (38 -79) 64 (58-12)

Total number of cases:
Isolated cleft palate 90
All cases 232

in brackets. None of the tests done on the cases
of cleft lip separately showed any significant
clustering. A few tests were also carried out with
values of critical time and distance outside the range
shown, but the results did not prove significant.
Knox (1964) pointed out that a high space-time

concentration could be the result of a movement
of space clusters in time. If there were a population
migration during the period of study, there is a
possibility that this would lead to a significant
result, and spurious clustering would be detected.
When the original work on the 1965-71 data was
carried out, it was decided to subject a control
series to the same analysis as the cases, to counter
this possibility. Any migratory trends would result
in a high value of pairs of controls close in both
time and space.
The controls were matched for mother's age,

parity, and social class, as it was thought that
these factors would influence the tendency of
people to move. The controls were obtained from an
unmatched sample of 1000 normal births, taken
from the records of the Oxford Record Linkage
Study. Matched controls could not be found for a
few of the cases.
The results for the controls were all non-

significant. It did not appear that population
migation was causing any spurious results, and
no further tests were carried out using the controls
for space-time clustering.

SPACE CLUSTERING
Clearly all births will occur in space clusters as
the population lives in clusters, towns forming

areas of high concentrations of births, and rural
areas forming areas of low concentration. To
detect any clustering of the cleft cases, which is
high in relation to this, it is necessary to compare
the cases with a series of control births.
One method of doing this is outlined by Smith

and Pike (1974). Suppose we have N cases of
clefts. If we select a control birth for each case,
we obtain N pairs. To test for any clustering we
use a randomisation test.

If, for each pair, one birth is selected at random, a
series of N births result. If we define Z as the
number of pairs of these births which are close in
space, then Z will have a distribution which could,
in theory, be evaluated by considering each of the
2n ways of selecting N births from the N pairs.

If we consider Z*, the number of pairs of cases
close in space, as one realisation of Z, from the
distribution described above, a significantly high
result will be evidence that cases of clefts occur
in space clusters, compared with the controls.
Lloyd and Roberts (1973) noted that spurious

spatial clustering may be detected if the disease
shows a relationship with, say, social class. In this
case clustering might merely indicate the tendency
of persons in the same social class to live in the same
area. For this reason, the controls used previously
for the Knox test, which had been matched for
social class, parity and mother's age, were used.
The work was first carried out on the data for

1965-71, using the cases for which matched controls
were available. This resulted in a series of 155
pairs of cases and controls. To obtain estimates of
the mean and variance of the distribution of Z, the
distribution was simulated, by taking 300 random
realisations of Z. The number of close pairs
of cases was also calculated. A distance of 5 km
(3 *14 miles) was suggested by the Oxford Record
Linkage Study as the initial distance and this is the
figure used. The results were as follows:

Number of close pairs of cases: 1039
Estimated mean of Z: 1050 with SE

6 03
Estimated variance of Z: 12 102 with

SE 939
There is thus no evidence of cases of clefts occurring
in space clusters.

EQUIVALENCE TO KNOX'S TEST
Smith and Pike (1974) showed how the use of
unmatched controls could be regarded as a special
case of the Knox test. Although the controls we used
were matched, the technique was used to compare
the results obtained by simulation with those
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calculated from the Knox test. The resulting
values were:

Mean - 1049
Variance = 11 756

The estimated mean and variance from the
simulation are thus well within sampling error of
the calculated mean and variance. This would
seem to indicate that the matching did not have
any effect.

TIME CLUSTERING
In an exactly analogous way, the Knox test can
be adapted to provide a test for clustering in
time alone.

This was done for all cases of clefts, from 1965
to 1974, using a critical time of two months. The
results are as follows:

Pairs of cases close in time = 731
Expectation = 731
Variance = 504

There is, therefore, no evidence of any tendency
for cases to occur in time clusters when compared
with the controls.

Discussion

In a recent study of 194 infants with clefts of the
lip and/or palate in Finland (Saxen, 1975),
significant associations were found with maternal
febrile illness, including influenza, during the first
trimester. It would seem likely that if an infection
were important in the genesis of these malformations,
clustering would be found in time, and also
space-time.
The tests for clustering in space and for clustering

in time, gave no indication of any tendency for the
cases of cleft lip and/or palate to occur in clusters.
The tests for space-time clustering, when originally

applied to the data for 1965-71, gave a few
significant results particularly for isolated cleft
palate. There were no significant results for cleft
lip treated separately. The fact that several different
combinations of critical times and distances were
used, however, makes the interpretation of these
difficult. We are, in effect, looking for the times and
distances which give the biggest difference between
observed and expected values. There is a possibility

that the results are spurious, resulting from the large
number of tests carried out. The data for 1972-74
give no confirmation of a tendency for isolated
cleft palate to occur in clusters.
A possible explanation for the significant results

in 1965-71 not being repeated in 1972-74 is that a
specific infection present during the first period of
study, which affected the genesis of the malforma-
tion, was not present in the second. Another
possibility is that with the smaller amount of data
for the second period, the power of the test to
detect a slight effect was decreased.
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