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The relative role of genetic and en-
vironmental factors in skull growth has
long been the subject of major con-
troversy. It has often been said that
domestication causes cranial deforma-
tion and this is usually attributed to
environmental factors such as nutri-
tion.? Studies on general body growth
in many species including man have
revealed that the organism is capable
of substantial response to environmen-
tal variability.® There have, however,
been very few studies on skull growth
in man or animals which attempt to
assess the nature and magnitude of
these general influences. Jeffries* has
shown that altered litter size in rats
and, presumably, nutritional plane, al-
ter growth rates. McCance et al.® have
demonstrated that severe undernutri-
tion in pigs can result in major retarda-
tion of skull growth. Environmental in-
fluences on adult form however remain
uncertain. Some attempts have been
made using twin comparisons to quan-
tify environmental effects in man.3®
The results are statistical in nature and
cannot be applied to the individual for
useful clinical prognosis. Laboratory ex-
periments on animals have the serious
drawback that they study the influence
of altering one or more factors under
highly artificial circumstances. The hu-
man patient is subject to a wide spec-
trum of influences through growth. For
many well-known reasons it is very dif-
ficult to study the general influence of
environment on the growing human
skull. Thus an animal species living in
both wild and domestic environments
was chosen for examination.

This investigation will compare the
adult skulls of groups of foxes living

in wild and domestic conditions in an
attempt to assess the influence of the
altered environmental circumstances.

MATERIALS AND METHODS

A study was made of the large col-
lection of foxes held by the Royal On-
tario Museum, Toronto, and a fur farm
group of 265 adults from eight farms
in central and eastern Canada.

Fifty adults were chosen without bias
from the large collection of wild foxes.
All these skulls were clinically exam-
ined. Dental formula, the incidence of
tooth crowding, caries, calculus depos-
its, periodontal bone loss and any other
pathology was recorded. The incisor
tooth relationship was also noted.

Accurate photographic records were
then made on the 50 wild foxes and
100 fur farm animals. The latter group
contained all those found to have
crowding among the original group of
265, as it was considered essential for
studies being carried out on the cause
of crowding.

The photographic technique, photo-
cephalometry, records the dry skull
held in a specially built cephalostat in
various orientations at right angles to
one another. Records are taken using
a single lens reflex camera with 400 mm
telephoto lens placed 6 metres from
the skull. The resulting negatives are
printed on dimensionally accurate pho-
tographic paper.

ANALYSIS

The analysis of the 90° basilar pho-
tograph of the skull (without mandi-
ble) is presented here. A series of
points, precisely defined, was derived
(Fig. 1). A strip chart digitiser linked
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Fig. 1 Showing the anatomical points
plotted (in sequence) on the fox skull.

to an IBM printing card punch was
used to record in sequence the points
in Figure 1. A computer program® then
supplied any required intersite dis-
tances or angles.

The size of each tooth, the angular
shape of the dental arch and the ori-
entation of the teeth to the centre
plane of the palate (the midline su-
ture) was recorded. For example, the
orientation of the fourth premolar was
defined as the angle between the ex-
tension of the line joining 8-9 and the
midpalatal line 39-20.

Studies on general skull growth have
shown that the skull grows in a series
of precisely definable curvatures.” The
growth of two points A and B occurs
in the general direction of the arrows
until cessation at adulthood (Fig. 2).
Adult positions for each point are rep-
resented by each individual dot. The
intercondylar axis and the left external
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Fig. 2 Showing the anatomical points
chosen, and their distribution in the
two groups of adult foxes.

condylar point are used for registra-
tion,

REsuLts
General Skull Examination

Variation in dental formula was as-
sessed. The dental formula of the fox is
(13 C, P, M,
I, G, Py M,
served in the wild foxes. Four fur farm
animals had extra teeth, all premolars.
Missing teeth were observed in 18% of
the wild and in 23% of the farm foxes.
Among the wild group four had miss-
ing lower third molars bilaterally, four
missing on the left side only and one
on the right. In the farm animals thir-
ty-seven had missing lower third mol-
ars bilaterally, fourteen the left side
only and three on the right. Five ani-
mals had no first premolar and three
showed absence of a lower left second
molar.

Tooth crowding (defined as insuffi-
cient space to accommodate the mesio-
distal diameter of the tooth in ques-
tion) was present in 6% of wild and
3.49% of fur farm foxes. No dental
caries was recorded. Calculus deposits
were of negligible amount in wild ani-
mals but often extensive in the farm
animals. Periodontal bone loss was rare
in wild animals and more common in
the farm animals although it did not
appear to be related to the degree of

). No extra teeth were ob-
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calculus deposition. No gross bone pa-
thology was observed in either group.
Jaw relationship was examined in all
the fox skulls in the museum. Only one
animal, a wild fox, exhibited a substan-
tial lower jaw protrusion. Variations in
jaw relationship were so infrequent
and limited in magnitude that no pre-
cise measurement analysis was consid-
ered useful. In the wild fox group of
50, 18 did not have contact between
upper and lower central incisors in
centric occlusion, 17 were very mild
Class II type and one a mild Class ITI.
The discrepancy was never more than
2 mm anteroposteriorly. Among the
265 farm animals only 10 failed to
have incisor contact and these were all
very mild Class II types with a similar
discrepancy of only 1-2 mm.

Overall Skull Form

This was recorded using the inter-
condylar axis and condyle registration
point. The distribution of each group
for points A and B is shown in Figure
2. It can be seen that the region occu-
pied by each is similar with a slight
tendency for the farm animals to be
smaller. The skulls of the two groups
could not be differentiated from one
another on visual examination.

Dental Arch Analysis

Arch shape as defined by the angles
(8-20-32-20) and (18-20-22-20) is re-
corded in Table I. The means for each
group are almost identical and the
standard deviations particularly for
angle I are remarkably small and simi-
lar.
Tooth Variations

Measures of the incidence of tooth
crowding do not give an accuate indi-
cation of variation in angular orienta-
tion of each tooth (Fig. 1 and Table
I). This was calculated for all upper
teeth, except the second molar, as error
tests showed that the error on that tooth
was substantial.

It can be seen that the two groups

Environment
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TABLE 1
Arch Shape
Angle 1 (8-20-32-20)
Fur Farm Wild
Mean 38.67 37.62
SD 1.85 1.71
Angle IT  (18-20-22-20)
Mean 62.84 62.52
SD 4.02 3.58
Tooth Orientation to Centre Plane
(Degrees)
Right Left Right Left
M1 Mean 899 11.99 12.55 13.19
SD 4.22 4.05 3.44 3.33
P4 Mean 24.53 26.56 24,56 26.27
SD 2.55 255 291 243
P3 Mean 33.76 31.32 31.45 29.65
SD 4.30 5.90 4.03 441
P2 Mean 15.97 13.10 15.56 15.85
SD 6.32 6.55 571 4.96
P1 Mean 33.06 25.55 24,99 22.55
SD 8.37 6.80 10.43 17.17

Points used to derive the above tooth
angles (see Fig. 1)
M1 =17-6/20-39
P4 = 8-9/39-20
P 3 = 12-13/39-20
P2 = 14-15/39-20
P1=16-17/39-20

are generally similar although P, shows
some variation in mean values. The
standard deviations are small particu-
larly when compared with animals such
as domestic dogs.

Linear Tooth Size

The mean mesiodistal diameters and
their standard deviations for each up-
per tooth were calculated and found to
correspond very closely in the two
groups Indicating a close similarity in
tooth size.

Discussion

The results show that both groups
are very similar with respect to general
skull form, arch and tooth dimension,
and tooth orientation.

There is no indication that tooth
crowding is more common in domestic
foxes, nor do they have a higher inci-
dence of jaw disproportion. There are
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differences in the incidence of calculus
deposits and periodontal bone loss sug-
gesting dietary differences. There is a
higher incidence of departure from the
usual dental formula in the farm ani-
mals. Variation generally is confined to
certain teeth, particularly lower third
molars. The data from the wild popu-
lation compare favourably with data
from other wild fox populations pres-
ently being investigated by the author.
The lack of variation in the farm ani-
mals is in marked contrast to the ex-
tensive variability recorded in domestic
dogs.” The problem with the type of
comparison made in this study is that
the genetic relationship and variability
of each group is largely unknown.
However, if there were a measurable
environmental contribution to abnor-
mality in teeth and jaws brought about
in domestic conditions, it should have
registered as a difference between the
groups.

There appears therefore to be no
justification for the commonly held
contention that domestic conditions in-
variably lead to an increased incidence
of dental and skeletal abnormalities. It
also suggests that environmental factors
can only have a limited influence on
adult skull form in the fox.
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