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PREFACE

This investigation arose out of a discussion with Associate Protessor
Torsten Romanus, at The Caroline Institute, on the possibility of
using the plicae palatinae transversae as a guide in the determination
of paternity. It became evident that any approach to the problem
would demand more detailed information of the variability and devel-
opmental changes of the plicae palatinae transversae and the papilla
incisiva than was offered by the scant literature on the subject. The
primary object of the investigation was then to amplify our knowledge
on these anatomic features.

An essential to any such study is a system of classification based on
clear definitions. Such a system was devised which would give an as
far as possible objective recording of the plicae.

The variability of the plicae in adults was tested in a group of
23-year-old subjects, comparisons being made with previously reported
data.

The changes occurring in the plicae during a lifetime were studied
in groups of subjects of various ages and in two groups on whom
two observations were performed at an interval of 5 and 20 years,
respectively. These studies may indicate whether the changes are so
small that the plicae and papilla incisiva might be used for identi-
fication.

Hereditary similarities were studied in twins and in families. For
guidance on some questions on heredity I am indebted to Professor
Gunnar Dahlberg, Head of the National Institute of Race Biology
and Human Genetics, Uppsala.

The results of these studies served as a guide in tests in which
the conditions resembled those obtaining in paternity cases.

This investigation has been performed at the Department of Ortho-
dontics at the Royal School of Dentistry, Stockholm. I should like
to take this opportunity of expressing my thanks to Professor Anders
Lundstrém, Head of the Department, for his kindness in placing at
my disposal his collection of twin casts,
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To Professor Ture Petrén, Head of the Department of Anatomy
at the Caroline Institute, Stockholm, I am indebted for making
available to me the facilities of his department.

Arne Sollberger, med. kand., and Ulf Strémberg, fil. lic, med.
kand., have offered advice on statistical matters. The diagrams were
drawn by Mrs. Gertrude Voulethe, who also rendered valuable as-
sistance in tabulating the data.

Financial support for this investigation has been gratefully received
from the State grant for the furtherance of medical research at the

Royal School of Dentistry. A Doctorate Scholarship has also been
awarded.

STOCKHOLM
March, 1955

Lennart Lysell

HISTORICAL OUTLINE

The ridges situated in the anterior part of the palatine mucosa
on each side of the palatine raphe and behind the incisive papilla
are known by a variety of names. Nomina Anatomica (1949) preters
plicae palatinae transversae. Dorland’s American Illustrated Medical
Dictionary (1944) recognizes ruga palatina, defining it as “any one
of the transverse ridges extending outward on both sides of the raphe
of the palate”; plica is not mentioned at all in this connection.
Another frequently used Latin term is plicae palati.

Among the others found in the literature in the various languages
are: English, palatine ridges, palatal rugae; French, rides, crétes trans-
versales, palatines; German, Gaumenleisten, Gaumenfalten, Gaumen-
staffeln; Italian, pieghe palatine, rughe palatine, rughe del palato;
Spanish and Portuguese, rugosidades paladales, rugas palatinas, rugas,
crestas, pliegues or listones. In Portuguese literature the terms papilla
palatina and crista palatina are used with the same meaning as 7uga
palatina.

Throughout this paper ruga is used for the sake of brevity.

The following survey of the literature is divided according to the
approach of the various authors. As the investigations and observa-
tions of an author occasionally pertain to divergent aspects of the
subject some of the names recur in various sections.

General morphology

The earliest references to the rugae would appear to occur in
various works on anatomy. J. B. Winslow (1782, 1743 and 1753) seems
to have been the first to describe them and the earliest illustration
is probably that by J. D. Santorini (1775) in Tabula VII of his
Septemdecim Tabulae—a drawing depicting three continuous wavy
lines which cross the midline of the palate.



The anatomical works of the following century do not provide more
detailed description of the rugae. J. Cruveilhier (1837, 1848), G.
Cuvier (1845), H. Milne Edwards (1860), J. Henle (1862) and J.
Quain (1848, 1876) mention them summarily as corrugations or folds
in the anterior region of the hard palate.

PH. C. SAPPEY (1857—64) seems to have made the first close morpho-
logic study of the rugae in man. He gives the number as three or
four, arranged step-wise upwards and backwards. Between these main
rugae (crétes principales) there are often smaller ones.

H. VON LUSCHKA (1867), 6. rom1Tt (1895) and ¥R. MERKEL (1885—90)
provide more detailed descriptions. The two first give the number
as 5-7 and 3-4, respectively, while Merkel observes that they range
from 2 to 7.

HARRISON ALLEN (1889) differentiates between longitudinal and
transverse rugae. The former are divided into the palatine raphe
and incisive papilla, and the latter—plicae palatinae transversae—
into pre-sutural, sutural and postsutural (in relation to the suture
between the intermaxillary bone and the maxilla), the first two of
which never consist of more than one ruga while the last may contain
from 4 to 7. They do not extend posterior of the first molar. Allen
differentiates between continuous and broken rugae. The vertical,
lateral parts of the rugae are the least variable, being particularly
well developed in high narrow palates. The rugae on the left side
tend to develop better; high, laterally compressed and wide, flat
palates have continuous rugae; where the torus palatinus is well-
defined the rugae are broken.

He performed observations on two groups of 90 persons, one of
cases of chronic nasal catarrh and the other normal in this respect.
Variations in the ruga patterns seemed to be greatest in the former
group.

Allen considers that the absence of rugae may be due to a nevus,
a fibrous tumour or pressure exerted by a denture. Resorption of
the alveolar ridge following extraction of teeth may be accompanied
by resorption of the rugae.

€. GEGENBAUR (1901, 1903) maintains that palatal ridge is a more
accurate description of the feature than palatal fold. The number
is put as 2 to 4, situated in the fore part of the palate, the posterior
region being smooth.

I N. BROOMELL (1902) mentions that the palatine raphe generally
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diminishes in the posterior direction. In the anterior part of the
palate and on each side of the raphe there are varying numbers of
rugae; in exceptional cases they may be completely absent.

Even in the present century the rugae have received little atten-
tion in the surveys of anatomical works. Descriptions are generally
limited to a few lines by, for example, L. Dieulalé & A. Herpin
(1909), G. Wetzel (1920, 1951), W. Spalteholz (1920), E. Loth (1931),
G. Higgqvist (1934), 1. Broman (1936), G. Korkhaus (1939), H. Sha-
piro (1947), T. Petrén (1948), A. Rauber & Fr. Kopsch (1948), B.
Orban (1949), H. Sicher (1949) and G. Port & H. Euler (1951). The
number of rugae is given as ranging from 2 to 7.

Ontogenesis

The rugae are sometimes described as tending to regress with age.
This property was examined by C. GEGENBAUR who in 1878 published
an article entitled “Die Gaumenfalten des Menschen” which reported
a study of the rugae in human subjects of different ages, from the
embryo. He found that in the embryo of sitting height 4.2 to 4.5 cm
the palate was quite smooth. At 5.5 cm there are 5 to 7 rather sym-
metrically disposed ridges of which the anterior ones begin at the
raphe, and the others somewhat laterally. Towards the end of intra-
uterine life the pattern of the rugae is less regular; the posterior
ones disappear and the anterior become considerably more pro-
nounced and compressed in the front of the palate. On birth the
pattern is well defined and weakens only a little during childhood,
although in later years there is a pronounced decrease in prominence.
The regression may be so marked as to leave the palatine mucosa
quite smooth.

G. RETZIUS (1906) studied the rugae in man and practically all other
classes of mammal. His material included a large number of human
feetuses (22 of them illustrated), 9 persons aged 9 to 29 years of which
plaster casts of the maxilla were prepared, and three specimens (ages
21, 30 and 56 years) where the maxilla was resected.

One of the feetuses of sitting height only 3.1 cm presented rugae.
Their number is put at 4 but their irregularity prevented any ac-
curate count. Retzius does not consider as typical the regular disposi-
tion reported by Gegenbaur; if it exists it is the exception rather
than the rule. In older fcetuses and newborn infants the pattern is
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extremely variable: the rugae may be crowded, few and dispersed,
narrow, wide, straight, curved, and discontinuous, the sections being
joined in various ways. One characteristic is that they never extend
over the mid-line. At this stage there are 4 to 5 of them, but their
irregular nature makes it difficult to ascertain their number with
any degree of certainty. The casts and specimens of all except the
oldest subject (56 years) presented rugae of varying width and
prominence, the anterior rugae being commonly more prominent
than the posterior. Retzius agrees with Gegenbaur that the rugae
undergo a continuous and more or less extensive reduction from
intra-uterine life onwards. They would appear to be a rudimentary
organ.

Comparison between the rugae of man and various classes of
mammals reveals that in man and the higher apes they have regressed
—a development that may be considered as a purely phylogenic
reduction.

c. Goria (1911) studied 14 persons aged 60 years and above, finding
that 8 had a completely smooth palate while 6 displayed traces of
rugae.

A. H. scHULTZ (1949) made observations of (a) 30 feetuses, 15 whites
and 15 Negroes, with sitting heights of 50 to 360 millimetres, (b)
240 whites aged 10 to 45 years, and (c¢) 11 adult male Negroes. He
points out the difficulty of determining the number of rugae with
any degree of accuracy on account of their ramifying and broken
nature. He maintains that the rugae do not alter in number with
age; while admitting the possibility of some or all rugae disappearing
in senility, he states that he himself had never seen a palate with
no rugae at all.

The pre-natal ruga pattern is predominantly transverse—that is,
the rugae extend perpendicularly to the raphe—but as the jaws
develop there seems to be a tendency for them to assume a more
mesial direction. The ramifications and breaks do not appear to vary
in number with age. Moreover, apart from the changes in direction
and spacing, the pattern is apparently constant throughout life.
Schultz does not share the opinion that the rugae are more developed
and proportionally larger in feetuses than in adults, but is “con-
vinced that the size of the ridges in relation to the size of the palate
does not decrease from fetal to adult life, and may occasionally even
increase”’,
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He finds a definite connection between the number of rugae and
the posterior limit of the pattern, the greater their number the
further back the boundary. Neither in fcetuses nor in adults do the
rugae extend much beyond the anterior half of the hard palate.

k. NiLLES (1950) found that the palate was never smooth in persons
of advanced age and that in some cases, even well defined rugae
could be observed. The pattern of the rugae generally covered a
smaller area since their number had decreased in the forward direc-
tion.

E. HAUsSER (1951) found in a large number of casts that during the
feetal stage and up to 15 years of age the variation in form, number
and arrangement of the rugae was so great that no definite type
could be recognized. He found rugae in every one of 103 patients
aged 50 to 80 years.

Rugae in individuals and groups

Various attempts have been made to trace differences between in-
dividual ruga patterns.

1. N. BROOMELL (1902) considered that the appearance of the rugae
was typical of the character and temperament of a person. For in-
stance the bilious type would have heavy, angular rugae, while in
the nervous type they would be few in number, close together, less
prominent, and wavy; persons of a sanguine disposition would present
many fairly prominent well-rounded rugae, graceful in outline, while
those in the lymphatic would be few, flat and widely spaced, with
no pronounced wave form.

c. coria (1911) examined 230 persons of between 5 and 70 years.
They consisted of 40 criminals, 24 imbeciles, 61 epileptics and 105
normal people. It was found that the rugae of the first three groups
were more primitive and numerous than those of the normal persons,
in whom the number exceeded 4 in only one case, while 5 and 6
were found in more than one third of the subjects composing the
other groups. Goria considered that the reduction with age was less
marked in epileptics than in the normal persons.

K. 0. HENCKEL (1926) studied systematic differences in the ruga
patterns of different races. Comparing his 11 Melanesians (10 & +
1 Q) with the Swedish group of Retzius he could find no essential
difference except for one instance that he ascribed to chance.
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K. MURAKAMI (1928), in 100 Japanese (50 & + 50 @), studied the
extent of the pattern, the number of ridges, their prominence, direc-
tion, ramification, continuity, their relation to the various types
of dental arch and palate, and the incisive papilla and palatine
raphe. On comparing his results with those of Retzius and Henckel
he found definite, though minor, racial differences. A more thorough
study of a larger group, supplemented with a statistical analysis,
would be required for deciding whether there is in fact any racial
difference in the anthropologic meaning of the term. Murakami
divided the rugae into three groups according to their direction:
perpendicular to the raphe (I), and inclined to the raphe, both
forward (II) and backward (III). The luast type was the commonest.
According to Murakami a fellow countryman, Suganuma (1928), has
studied 242 Japanese, grouping them according to the forward angle
between the rugae and the raphe: (1) 30°, (2) 45-60°, (8) 60-90°. The
last was the commonest but all three types often occurred on one
hard palate.

k. LoccHr (1930) studied 82 whites (24 & + 8 9), 47 Negroes (36 &
+ 119, 24 mestizos (11 & 4+ 18Q), 4 Japanese (3) and one In-
- dian (¥). He points out the difficulties presented by the multi-
formity of the rugae and does not attempt systematization, comparing
the groups only with respect to the number and general direction of
the rugae, and to the posterior limit of the pattern. The number
varied from 3 to 6, but never exceeded 4 in the whites. In all the
coloured groups the limit was further back than in the white. There
was no correlation between the number of rugae and the posterior
limit of the pattern. The direction of the rugae was generally trans-
verse and there was no evident difference between the groups in this
respect. Locchi states that the material was too small to yield definite
conclusions and puts only a relative value on his results.

K. HIROTA (1933) studied 300 Japanese, giving no details of sex or
age. He found it difficult to draw comparisons with European study
groups on account of their small size. However, he concludes that
the Japanese have fewer rugae than the Europeans. No difference
in respect of sex or side could be found although it was evident that
the rugae were apt to deteriorate with age. He provides a detailed
and, in part, new description of the pattern and the components.

(See p. 21.)
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J. weLpt (1935) studied 100 inhabitants of mixed race in the town
of Concepcidn in Chile (30 3 + 50 @), observing the number of rugae,
their prominence, posterior limit, ramifications and breaks, and the
prominence, shape, length and breadth of the incisive papilla. The
average number of rugae was 4.26 for males and 4.05 for females.
On comparing his material with Murakami’s Weldt finds that in
spite of the greater number of rugae in Japanese than Chilean palates
the posterior limit is further back in the latter. Weldt's figures for
the number of ramifying rugae are somewhat higher than Mura-
kami’s, while the number of broken rugae is roughly the same in
both cases. Weldt used Murakami’s system of recording the direction
of the rugae and found that Type II was very uncommon in both
groups, while I and 111 were roughly equally common in the Chilean;
Murakami had twice as many Type 11I as Type I. The incisive
papilla in Weldt’s group was generally oval or pear-shaped, while
Murakami found the spool shape the commonest.

s. oHsHimA (1937) performed an anthropometric investigation of an
unspecified number of Chinese males. He found that the rugae were
extremely variable in shape and that they were situated mainly in
front of the first molars, being particularly numerous in the region
around the second premolars; they varied in number although 4 was
most general, and they were most frequently inclined backwards.
43 per cent of the right rugae and 45 per cent of the left were pap-
illate.

A. H. scruLtz (1949) studied fectuses and adults. In the former group
the average numbers of rugae for 15 whites and 15 Negroes were
4.03 and 3.93, respectively. For the adults the figures were 4.28 (240)
and 4.18 (11) with a total variation of 2-8. It is doubted whether
there were any racial differences in the rugae, those differences men-
tioned by other workers being ascribed to the diversity of procedures
for counting the rugae. There does, however, seem to be a ditference
between the sexes, the rugae in men being more numerous than in
the women (3 4.533 and @ 4.21, the difference being hardly signifi-
cant). No difference between the sides could be traced (4.25 and
4.31).

K. NiLLEs (1950) studied Central Europeans (Germans, Saarlanders,
Austrians and Swiss), altogether 50 males and 50 females. He made
comparisons with the material of Weldt and Murakami and, as they,
found difficulty in deciding the number of rugae. He gives 4.25 and
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4.37 for males and females, respectively. In respect of ramification
this study showed closer similarity with the material of Murakami
than that of Weldt. Unlike Weldt, however, he found that the in-
cisive papilla was both longer and wider in the females.

Heredity and environment

HEREDITY

The study of racial differences between the rugae and attempts
to find characteristic patterns for specific groups have directed atten-
tion on heredity in twins and families.

The first observations of the rugae in twins appear to have been
those made by H. Ocawa (1940) on 45 pairs of twin foctuses of 5
to 10 foctal months, 29 of them identical (17 43 + 1299) and 13
fraternal (3 88 + 529 + 5 3 9); in the case of three pairs (3 &) it
was not decided whether they were fraternal or identical.

He made the following observations.

(1) The rugae, ramifications and breaks were more numerous in
the identical than the fraternal twins; the posterior limit of the ruga
zone was further back in the former, but these differences were in
no respect statistically significant,

(2) No influence of heredity could be established in respect of
continuity, ramilication, the posterior limit of the pattern and the

_decrease in the prominence of the rugae.

(3) Agreement between homologous palatal halves within the
pair in respect of all the characteristics studied—viz, the shape,
number, ramification, continuity, and the appearance of the rugae

‘and the posterior limit of the ruga zone—occurred only 4 times in
29 identical pairs and not at all in the 15 fraternal pairs.

Orawa assumed that there was an evident environmental intluence

_on the rugae.

6. KORKHAUS (1942) studied the influence of heredity on the denti-
tion in 5 sets of triplets and 2 sets of quadruplets, and found that
in the identical sets the ruga patterns presented close similarity,
although not in all details. The rugae would be much dependent
on hereditary tendencies. There were much greater differences in the
pattern in the multizygotic sets.

R, ®rTER (1948) used a study group consisting of 81 identical and
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118 fraternal twin pairs for working out a systematic classification
based mainly on similarities in pattern, direction, shape, length and
breadth of the rugae.

The types distinguished were:

(1) a very common pattern with 3-5 well developed rugae on each
side; this may be regarded as the normal type;

(2) as (1) except that the rugae are thinner and flatter; rather
common;

(3) prominent rugae; rare;

(4) small papillae; rare as (3); the rugae consist of papilla-like
protuberances of ‘the mucosa; the pattern bears little resemblance to
any of the first three;

(5) characterized by lack of detail, inexpressiveness and simplicity;
only 2-3 rugae, branched and rather straight; uncommon.

In each set of identical twins the patterns bore such close re-
semblance to one another that they always fell in the same group.
Type 1 was the most common, 54 identical pairs and 60 fraternal
pairs being placed in this category; where the members of a fraternal
pair were assigned to different groups one of the twins always belonged
to Type 1. Although the ruga patterns of identical pairs presented
striking likeness, there was no pair in which all details were iden-
tical,

The loss of teeth did not change the pattern, as it did the shape of
the palatine raphe, and neither was there any change with age.

K. NILLES (1950, 1952) made a study of families in an attempt to
resolve the problem of the influence of heredity on the rugae. The
experience so gained provided the basis for an investigation of the
possibility of using the rugae in anthropologic paternity determina-
tion. Comparisons were made between the parents and the children
in respect of the shape and direction of the rugae, the reduction in
the posterior part of the pattern, and the shape and dimensions of
the incisive papilla. Similarities were found between children and
both the father and the mother.

In legal cases of paternity comparisons are made between the
mother, child and the possible fathers; it is often possible “by super-
ficial inspection” or “at a glance” to say who on anthropologic
grounds is the father. Nilles considers that the method provides
valuable supplementary evidence in paternity cases.

Ww. KLENKE (1951) maintains that in 90 per cent of the legal paternity
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cases the combined anthropologic and biogenetic verdict leads to
results of value to the court of law. The polysymptomatic similarity
analysis is based on the assumption that the closer the similarity the
closer is the familial relationship. The more numerous the charac-
teristics that may be studied the more reliable is the diagnosis—a
conception that in recent years has led to an increased interest in
the palate, and the rugae in particular.

It is maintained that man generally has four rugae but that there
Is, in addition to this “normal type”, one with a tendency to in-
creased ruga formation—the “pharyngeal type”—which is dominant
compared with the “labial type” which has a lower tendency to the
formation of rugae.

In anthropologic paternity cases it has been usual to look for
similarities; however, with the assistance of this rule of dominance
one should be able to apply a process of elimination; if the mother
and the man in question both belong to the recessive type while
the child belongs to the dominant the man cannot be the father.

A study was made of 25 families with 74 children, the ages of
whom ranged from 3 to 64 years. The number of rugae was 4.2 and
no variation with age could be detected. In the description of the
ruga pattern the chief features are the number, shape, direction and
prominence.

Klenke bases his statements pertaining to hereditary transmission
principally on the fact that, of 27 families where one of the parents
had more rugae than the average and the other parent the average
or less, 52 of 63 children had above the average number.

He considers, however, that the difficulty of establishing the num-
ber of rugae with certainty makes it impossible to obtain as reliable
a result with a polygenic characteristic, as with a monogenic—with
the blood group, for instance. Other characteristics of use in paternity
cases are the shape, direction and prominence of the rugae, their
distance apart and the posterior limit of the pattern. In addition
the palatine raphe and the incisive papilla may be used.

H. sCHADE (1954) admits the value of Klenke’s use of the number,
shape, direction and prominence in hereditary studies but doubts
the existence of the dominant hereditary transmission of the greater
number of rugae than the average.

17
ENVIRONMENT

Closely connected with the genetic factors is the influence of en-
vironment.

E. HAUSSER (1950, 1951) studied the influence of e)fogenous factors
on the palatal pattern and found that finger-sucklr.lg to such an
extent as to deform the bone brought about changes in the pattern.
In orthodontic treatment where the premolars or molars are moved
in a sagittal direction the relation between the tegh and the .rugae
is dependent on the fact that the displacement of the latter is one
half of the displacement of the teeth. This is true of the lateral parts
of the rugae; nearer the raphe no such change appears to occur.

The asymmetries in the ruga pattern found by several inves.tlgatorg
Hausser supposes to be a consequence of the asymmetl‘ric position (?t
the premolars and first molars, since the position of the rugae is
related to the teeth.

There is no evidence that pressure exerted by artificial dentures
causes atrophy of the rugae.

K. NiLLEs (1950) examined denture wearers and in no case found a
completely smooth palate but does not share Hausser’s opinion of the
effect of the denture on the rugae. Nilles maintains that the atrophic
changes that he observed in his study group cannot be considered
as due solely to age but must be ascribed in part to pressure exerted
by a denture, especially as most of the subjects were under fifty years

of age.

Rugae as an aid in identification

A number of investigators have concluded that the ruga pattern
is unchanged over long periods of life; the rugae might then serve
as a means of identification if some practical recording system could
be devised.

As early as 1889 Harrison Allen sounded the possibility of using
plaster casts of the maxilla recently taken in connection with dental
treatment.

L. siLva (1938) worked out a system of identification by the rugae,
based on the assumption that the rugae are absolutely individual,
are unchanged after the third intra-uterine month, are perennial,
and, even in cases of trauma, appear after treatment in the identical
positions and original configurations. The rugae are classed as simple

2 557731 Lysell
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and compound, the latter being considered as consisting of a number
of simple rugae. Each ruga is codified before inserting it on a ru-
goscopic record card. The incisive papilla and the palatine raphe
are similarly classified. (See p. 23.)

J. U. GARREA (1937) also published a system of identification by the
rugae. He states that the number of rugae varies according to the
manner of classification. It is asserted that the rugae are (1) ab-
solutely different from one another, (2) of constant shape, (3) per-
manent, and (4) individual. He also found that extractions have no
influence on the shape of the rugae.

‘The rugae are classified in four groups according to their direction:
forward, lateral, distal and varying. The individual ruga is either
straight or curved. (See p- 22))

Other papers published in 1940 and 1955 follow the general lines
of the former but present a more detailed classification based on
the author’s system of odonto-legal stenography. No example of its
application is given, however.

V. AUFIERO & F. CESATI (1940) studied 70 persons (30 & + 40 Q) aged
20-40 years, following Carrea’s classification. They considered that a
rugoscopic scheme on whatever classification it may be based has
no value in legal medicine. It could be applied only through an
exact reproduction of the ruga pattern, which might be provided by
Casts or photography. Aufiero and Cesati themselves made casts which
were then photographed. A rugoscopic scheme may be of value in
so far as it can limit the searches in the archives. (See p. 22.)

E. HAUSSER (1951) has published three cases followed from birth to
the ages of 7, 8 and 9 years. He found that the characteristic picture
of the palate is unchanged during the growth of the jaws, so that
the rugae might play an important role in identification.

The physiologic importance of the rugae

It is frequently stated that the rugae in man are only rudimentary
formations but that they have at the same time a function.

The importance of the rugae as an aid in grasping the maternal
nipple is mentioned by G. Retzius (1906), M. Lafond (1930), G. Kork-
haus (1989) and E. Hausser (1951).

RETZIUS considered that the rugae in man have no function in the
uptake of nourishment after suckling is finished.
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M. LAFOND points out that the rugae have a function %n tastinhg‘
H.' sicHER (1949) mentions that the human. rugae are vestiges of the
larger and more regular formations that 1.n a.mrnals have an im-
: t auxiliary role in the process of mastication.
porel ussER points out that on the eruption of the teeth the rugae
losEe. I:I?eir importance in the taking up c?f. nourishmex.lt bltl‘t su(l))t-'
sequently have another function: they leacﬂltate _thff orientation
the tongue in the oral cavity and thus aid enunciation.



SYSTEMS OF CLASSIFICATION

An essential of any study of the rugae is an objective and detailed
system of examination. Definitions and information relating to the
rugae are scarce in the literature, yet it must be assumed that all who
have examined, for instance, the number of rugae, followed some
system even though it may not be described in detail. Such must
have been the case for C. Goria, K. Murakami, R. Locchi, J. Weldt,
K. Nilles and W, Klenke, all of whom publish results based on study
groups ol varying size.

Other authors have published very detailed systems but have not
tested their practical value, or at least have not given details of their
results; among them may be mentioned J. U. Carrea and L. Silva.
An intermediate position in this respect is assumed by K. Hirota and
V. Aufiero & F. Cesati, who evolved systems that, however, were
based only in part on the results of their studies.

Systems not reported in detail

A survey of these systems must inevitably be incomplete, and
embrace only a part of the details considered by the investigators.

C. GOriA (1911} asserts that the ruga pattern may be characterized
in two ways—by specitying either the number of rugae or the extent
of the ruga zone in relation to the teeth. He favours the former as
being the simpler. He defines the ruga as a ridge that extends at
least one hall the distance from the palatine raphe to the dental
arch; compound rugae of two or more branches he counts as one;
they may be V- or Y-shaped. Goria maintains that with the assistance
of these data the numeration of the rugae is a simple matter. He
distinguishes two kinds: simple or primitive and more developed.
Broken rugae are most common in the posterior region of the pattern.

K. MURAKAMI (1928) remarks that the number of rugae is difficult to
determine on account of their disconnected and ramifying nature.

The ridges that together form a continuous row may be considered
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as a unit. O the posterior and least prominent rugae only those
that are clearly discernible are counted as one unit. Murakami stresses
the symmetric arrangement; symmetry may often serve as a guide
in deciding in doubtlul cases whether a detail should be counted as
an individual ruga.

Rr. LoccHl (1930) considers that the ramification makes an objective
count of the rugae difficult to perform. He reckons the last ruga as
an independent unit, even if, as is often the case, it appe.ars rudi-
mentary, consisting perhaps of no more than a row of papillae.

J. weLpT (1935) also maintains the difficulty of counting the rugae
and considers that this demands a fine sense of morphology. Even
with the aid of a binocutar magnifying-glass he found it difficult
to decide whether two ridges that separated very close to their points
of origin should be considered as two independent rugae. He also
observed the occurrence of small papilla-like protuberances in the
posterior area of the ruga zone. Where such papillae occur singly
they should not be considered as rugae, but if they form a band
they may be counted as one independent ruga.

K. NILLEs (1950) uses Weldt's classification; from comparisons be-
tween his results and those of Weldt and Murakami, it appears that
there can be little difference between their systems of classification.
A ruga that divides just after the palatine raphe is counted as two.

W. KLENKE (1951) reckons the number of rugae according to the
same system as Murakami and Weldt.

Systems reported in detail

Hirota and Autiero & Cesati may be included under this heading,
as a transition between the groups.

K. HIROTA (1933) divides the ridges in the hard palate into (A)
palatal rugae and (B) papillae. The palatal rugae are subdivided
according to the form: (1) arcs or waves, (2) bifurcations, (8) straight
lines, (4) letter S, (5) circles, Japanese key and pear pip, (6) short
lines. Arcs or waves are common while the straight line occurs mainly
in the first and second rugae. The S shape, circles, Japanese key and
pear pip are all uncommon. ,

The papillae are divided into: 1 connected rings, 11 groups of
closely packed points, 111 scattered points, IV “sponge”. Of these 11
and 1V are uncommon.
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The single ruga is characterized b
ol sections, (4) direction, (8) relation
of palate.

V. AUFIERO & F. CESATI ( 1940) in some respects follow Carrea’s system

¥y (1) size, (2) density, (3) shape

ints. The straight line may be long or short, thick or thin, regular
oints.
between right and left, (6) region i

' ine may have the same variants as the
“ i"rl‘ﬁg‘;'laf- afc? cirf l;r;c‘;iicin, dipp‘iyng and prolongation. Tl:le points
stralg:; cll::r or ’dissembling, small or large. The straight.hnes may

i versions,

(see below), They divide the rugac according to their shape: (1) , , ?;?Z; acute or obtuse angles, le‘tters Ndl\/i[ z; allj T:i nzl;«:: Thomboid
angular, (2) angular with curved apex, (8) with two angles, (4) with and figures such as the square, quadrila e ,waves e oid
three angles, (5) branched, (6) curved, (7) double, (8) multiple, (9) , and trapezium. The curved.rugae form ang m;d e and major arc
wavy, (10) straight, (11) broken, (12) stellate, (18) in the form of of circles, which may be'slmple or compo » .Com o
small tubercles, (14) comma-like. e points with straight lines and with curvfo,rm " 5’ ound figures of

70 ruga patterns (30 & + 409 straight lines and curves, and these inter se,

' i i ea uses the following nota-
L S teristics. For the typical figures Carr
forms.

) were analysed according to these
with letters to represent the various

tion:

It is stated that these descriptive details may be supplemented by, . v a angular t trifurcated
for instance, length, direction and position, which would considerably o it‘i‘::i d m  compound i internal
increase the number of combinations, but at the same time render , wavy b hooked e external
the whole appraisal more complicated. Even with this systematization . broken u single P e"te‘;swnnta
the authors find difficulty in classifying the rugae, especially with bihifurented ? supplementary

regard to the factor of subjective judgement. A system is presented,

. L . ; . ‘ . ) iati r the incisive papilla.
however, with the purpose of facilitating search in rugoscopic archives  He gives similar abbre&fxatxons fo Incisive t}; r};e  ae on cach
where photographs of the ruga patterns are filed, In this scheme Cz}rrea m.cludeszon;:bca} it three rugae on each
The sxlggez;tﬁ(i system of classification is: side, thus: 3|3 or, in detail, BT 5 : 1o : dgaoie thar on
 the right side the third ruga is straight, the secon wavy
g}c:;? tirst bifurcated, while the first and second on the left side are wavy
18 .
o i and the third trifurcated, - e
o zi?ﬁ;ﬁ A later paper (1940) describes a number of modifications .
i : .. » . t e
= ey i ; system. It is still based on the curved and straight line blut.as e
Z‘fxggt - ::ggz;!:::y ~ abbreviations gave rise to some confusion the £1.mdament.a . ;lins ;
. aphy have been introduced. The straight lines are divide into
morpholo; angled  stenography divided nt
. i vertical (T), oblique to the left (P) and straight oblig
double horizontal (K), q $ oblique
ol to the right (]). Letters are also used to denote the curv:.1
i i i nvex and  concave
The secondary rugae are those that occur less often. They are horizontal, vertical and oblique, and for all co

; . s e : inati re also included: there are,
considered as a very important characteristic in identification. A upwards. Various cambmatforis of letters 2
tudimentary ruga is small and poorly defined. for instance, five types of circle.

o his scepticism of the
The casts are photographed with the occlusal plane at an angle Carrea, who in his former paper expresses his scep
of 45-50° 1o the optical axis, ‘

possibility of direct intra-oral photography, now considers that this

J. U. cARREA (1987) says that the number of Tugae varies according . is the best way of obtaining a n;gogragll-ﬁs system solely for purposes

to the manner of classitication. As Aufiero & Cesati, he divides them L. SILyA (1938) who, as Carrea, devise . i’ and compound. The

into four groups according to direction, The rugae that meet the of identification, classes the ru;giae Sas :’?ﬁai (4) circular, (5) wavy,
palatine raphe are classilied as straight and curved, to which he adds former are (1) straight, (2) curved, (8) angular,
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and (6) points. L'he compound consist of two e simp - ‘
( };\  fle ; o two or more simple rugae. The author’s system
Length and width are disregarded, as it is the pattern and not the : iability of
dimensions that is the basis for identification. Silva describes a ruga _ The purpose of this investigation was to study the variability
from right to left. For instance, one

consisting of three points js
straight line and an angle,
—3. If the angle and the straight
compound ruga which is denoted
ight of the line, 31, A point or a
ngle is given as (6)3 and (1)31,
will suffice to illustrate this nota.

i aracteristics and the incisive papilla.
e en rtl:tlg‘jse ’dgsl:gb(:cll in the literature there is none that lends
Oli z:easzsiscussion of the problems with which the presenF.a}lt.hor
ftse d. The main difficulty arises from the lack of definitions
. chnci?rl;s' used. For example, the term ruga or its equivalent is
fazied :)y practically all authors, but in practiFally none of the papers
is a definition attempted. Thi same is true of most of the other terms
‘ “ ed’”’ and “broken” rugae.
> i : 5“‘:;;2 aﬁiﬁz among them Silva and Carrea: have indet?d provide.:d
-1 S e 7 % 5 both ends of which there °TF smalghe in place of the definitions rather instructive diagrams which serve in
lines inclined backwards; had the , sbme measure to explain the terms. The syster.ns of‘ ‘t.hesc: two worker%
-1 _are, however, so limited to the problem of identification that they
e e cannot be readily applied to the present study. o
When all the rugae have been dealt with in this manner they are The: first step was therefore to devise a gflaner'ally descrlpuve syster(l:
resolved into their elements. For instance: of classification which, while being as Ob]CCFlVC as possible, woul
: _take into account the number and characteristics of the rugae together
e o with the incisive papilla. .
vy waighe (1) An inspection of the rugae may be made (1) directly, (2) by photo-
i el 2 graphy, and (8) by studying casts. . . ‘ '
:;532: gg)) :::‘gll:: ((2; ‘ With a large study group the first nllefhod.ls t.echmcally 1rfnpossxb1e.
wawy O wavy  (9) Photography presents a number of difficulties in respect o accurate
pomt 1 point (6 dimensions. The third procedure was then chosen as prov1dmg as
good, if not better, possibilities of studying f;he rugae than the direct
51131 41.331 method. One disadvantage lies.in the archiving, which demands great
space.
{the zero is not inserted for the circular ruga, As the impressions must be as far as possible free from bubbles
. a wetting agent should be applied; either by means of a spray or by
rinsing. The palate is then dried with compressed air, particular care
being taken in the fore part of the palate. This area is then covered
with an alginate impression compound, applied by means of a wooden
Spatula, after which the impression is taken in the usual manner,
and subsequently cast in dental stone.
For a proliferation to be designated as a ruga it should’be at least
two millimetres in length. (See below, however, concerning broken
Tugae.) Smaller proliferations are neglected. .
‘The rugae in one half of the palate cover an area bounded medially

denoted as 6-6-6. One consisting of a
separated by a space, is written J
line are continuous they form one
by 13, and if the angle is to the r
straight line situated within an a

respectively. One more example
tion.

lines been ‘inclined forwards the

represented by the number represented by the number

which does not occur in this

The numbers for the two sides are added (51.181 + 41.831) and
the sum (92.462) entered on the rugoscopic card, followed by a figure
composed of the sum of the Tugae on the right and left sides; in
this instance the complete figure is 92.462 - 8. The cards are arranged
in the archives in numerical order,

disregarding the number of rugae
which serves only as a check, An erroneous recording of an element

—for instance, a wave instead of 2 curve—would in the example
give 5.141 on the right instead of 51.131. This would place the card
in quite another part of the archives,
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by the palatine raphe and laterally by the extreme lateral points on
the rugae (not necessarily the ends of the rugae). The distance from
the raphe to the lateral boundary is determined with a flexible tape
measure along the surface of the palate. The line joining the mid.
points of these distances divides the palatal half into medial and
lateral halves. The lateral of these halves is similarly divided into
two—the medial and lateral quarters. As the lateral limit is irregular,
the boundaries between the halves and quarters are also irregular.

The rugae are classified as (1) primary, (2) secondary, and (8)
fragmentary.

A primary ruga

(2) is visible for at least five millimetres irrespective of the direc-
tion of illumination. (Here, as in all cases of linear mensuration in
the study, the length is taken as the shortest distance between the
origin and termination of the ruga, measured along the surface of
the palate.)

(b) is of such width that it is evident by inspection that it is not
narrower than both anterior and posterior adjacent primary rugae.
"The first ruga is compared with the two nearest primaries. No stip-
ulation as to width is made jn respect of the last prominent primary
ruga. (The general tendency is for the anterior rugae to be wider
than the posterior.)

(¢) begins within the medial three-quarters of the region.

If there is behind the last of these primary rugae one ruga of at
least five millimetres it should be included as a primary ruga even
if it is not prominent. If there are several such rugae, only the most
posterior is denoted as a primary ruga. It is called an extra primary
ruga—“primary (X)"—to distinguish it from the others that are
termed ordinary primary rugae—"“primary (O)".

Secondary rugae are all those that, irrespective of width, are at
least three millimetres in length—primary rugae excepted.

Fragmentary rugae are those between two and three millimetres
in length.

NUMERATION OF THE RUGAE
Only the primary rugae are numbered. The numeration is in an
antero-posterior direction beginning with 1. (For the sake of briefness
this is often written R I, and the second R 1I, etc,, up to R VIL)

4
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Fic. 1. Numeration of the rugae: process (at R 11 left); brancl"l (R 1T left); ugit{ed
rugae with common origin (R I-II right); united rugae with separate origins
(R III-TV right, “crossing”); broken ruga (R V); touching rugae (p0§ter10r bra.nch
of R II width R IV left); posterior limit of the ruga zone (the distance a is a
measure of the bilateral asymmetry).

The order of the rugae is reckoned in an antero-posterior direction
with respect to the relative positions of their mid-points. The only
exception is the case where a primary ruga occurs between the
branches of a ramifying primary. The branched ruga is then always
given the lower number irrespective of the relative posit%ons 9£ the
mid-points. (The mid-point of a branched ruga is the mld-pomt.of
the line from the origin of the ruga to the mid-point of the line
between the extremities of the branches.) Fig. 1 illustrates the numera-
tion of the rugae.
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FIG. 2. The chart.
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DEFINITIONS AND CHARACTERISTICS OF THE SYSTEM
For the examination of the subjects a chart of the type shown in
Fig. 2 was used. Below the normal details of name, a_ddress, etc.,
there is a line with the notation L IR, L II R, etc., provided for the
rugae of each side. This is followed by a number of symbols defined

and explained below.

THE INDIVIDUAL RUGA

(1)t Straight—completely straight, except for any slight deviation
at either end that does not disturb the general impression of a

straight line.
(2) Angular—forming one or more angles or containing one or more

notches.

(3) Curved—neither straight or angular.

To facilitate judgement of the shape of the ruga a diagram of
some variants of the three types is given (Fig. 3). The ruga is marked
in the scheme by a perpendicular stroke in the appropriate square.

If a ruga has an angle or a notch but is otherwise straight or
curved it is recorded as angular. Analogously, a branched ruga is
not marked in two squares although the branches may be of dif-
ferent types. The main part and branch are considered separately.
If both are straight the ruga is straight; if at least one is angular
or notched the ruga is angular; otherwise it is curved.

(4) The origin of a ruga is taken as its medial termination. A ruga
may begin at the raphe or laterally of it. The origin is denoted by
R, M or L, respectively, for rugae beginning at the raphe, within
the medial half of the ruga zone without being in contact with the
raphe, or within the lateral half of the zone.

The palatine raphe frequently has processes. They are distinguished
from the rugae chiefly by the fact that they appear to grow out of
the raphe. They are narrow and generally describe a gentle arc in
a forward direction. A ruga with its origin at the point where such
a process just leaves the raphe is denoted by R. (Fig. 1))

(5) The direction of a primary ruga is taken as that of the line
joining the origin and the termination. It is represented by the angle
it makes with the normal to the raphe, all points being projected

on the horizontal plane. The measurement is performed by placing

! The figures before the definitions correspond to these of the scheme.
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Angular Curved Straight

/—.J
- 1
7

TRARBL

N
—_—
YA
20
—~~C
A~
R

FIG. 3. Some variants of angular, curved and straight rugae.

the cast in a Symmetrograph of the type described by Rudolph
Schwarz, the setting being such that the occlusal plane coincides with
the horizontal plane, the occlusal plane being represented by the
incisal edge of the upper left central incisor and the mesiolingual
cusp on the first molars or, in the deciduous dentition, the second
molars. (If the first molar is missing the setting is made with the
lingual cusp of the second premolar; in exceptional cases the first
premolar may be used. Where many or all teeth are missing the
setting is made in relation to the crista.) The palatine raphe is marked
by an anterior point in the neighbourhood of R 1 and by a posterior
point a centimetre or two behind the posterior limit of the ruga
zone, depending on how far back the raphe is clearly visible on the
cast. The angle for a ruga perpendicular to the raphe is zero; the
forward and backward inclined rugae are then denoted by positive
and negative values respectively. (Fig. 4.) The angles are read to the
Nearest half degree. The direction of a branched ruga is given by the

line from the origin to the mid-point of the line joining the ex-
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Fic. 4. Measurement of the direction of the rugae.

tremities of the branches. If a ruga has more than two branches the
two outermost (the most anterior and posterior)‘ are used. '

(6) A branched ruga is a primary ruga in which (a?”the‘brar'lch is
connected with the main part, (b) the point of ramification is not
coincident with the origin of the ruga (when there would be two
joined rugae, see below), (c) the termination o.f”the'branch does not
lie nearer the raphe than the point of ramification, and (d) the
branch is at least three millimetres in length.

If it cannot be decided which is the main part and which is the
branch, the branch is taken as the shorter. The ramification is re-
presented in the scheme as a digit indicating the number of branches.
For branches less than three millimetres see (I1).

(7) Two rugae are united if (a) they have the same orig'rin but
immediately diverge and (b) if they derive from separate origins and
subsequently meet. A variant of this type is the case of two rugae
that meet and clearly continue after crossing. The obvious continua-
tion of one ruga is then not considered as a branch of the other.
This type of union is noted also in the remarks column. For cases
where one of two united rugae is not a primary, see (11). Where
two rugae only touch one another and then continue on their course
o union is considered to have occurred. The connected rugae are
represented in the diagram by a curved line between the squares of
the two rugae. An arc convex upwards represents two rugae having
4 common origin; an arc that is concave upwards indicates that the
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two rugae with the same origin are joined at some other point, (Fig.1)
(8) A broken primary is one of which the parts form a natural

account being taken of the size of the fragments. The number of
interruptions is recorded in the appropriate square. (The term
“broken rugae” is applied only to primary rugae.)

(9) Secondary rugae. Defined above. ‘They are considered as
belonging to the nearest primary. Where there is doub as to which

(10) A primary is recorded as papillate if punctiform tubercles are
visible on the whole Or a part of the ruga. In its weakest form such

column. Branches that are less than three millimetres in length and
which are thus not entered under (6) are also drawn. The same
applies to cases of united Tugae where one of them is not a primary-—
because it is too short or narrow, for instance. Such a connection is
denoted by an are, toncave or convex upward according to the type
of union. Secondary or fragmentary ruga in such unions are marked
and entered as such.

(12) Fragmentary rugae, as the secondaries, are considered as belong-

ing to the nearest primary and are represented by a figure indicating
their number., For definition, see above,

THE POSTERIOR LIMIT IN RELATION TO THE TEETH
‘The measurements are made with the casts in the symmetrograph
at the same time as the direction of the rugae is determined. On
each side the posterior limit is judged for the primary (O) rugae
(that is, the most posterior point on such a ruga) and for the rugae
in general, irrespective of whether this point lies on a primary, a
secondary or a fragmentary ruga.
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the posterior limit of the zone. If the absence of several teeth preve :
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ypreliable estimate of the posterior limit, a horizontal stroke is
an

placed in the appropriate square.

THE NUMBER OF RUGAE

Under the heading No. rugae L/R the numbers of primariés on
each side are given; as, for instance, 4/4, indxcatmg four Qrd%nary
primaries on each side. If, however, there is on, say, the left side a

i it i 4+ 1/4.

rimary (X) ruga, it is denoted by 4
’ The ynumber of secondaries on each side is entered on the same
line in the third and fourth squares with a s.trc.)ke l?etween tl}em.
These numbers are placed in parentheses to distinguish them from
the primary rugae. o '

The number of fragmentary rugae on each side is noted in the
fifth and sixth squares (with no stroke or parentheses).

THE INCISIVE PAPILLA

Under the heading Inc. pap. form the incisive papilla is describ;:d
as flame-shaped (F), long and narrow (L), oval (Q), pear-shaped (P),
found (R), spool-shaped (S), or triangular (T) (Fig. 5).

3 = 557731 Lysell
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flame lon,
2 oval
shaped  narrow s hi;?d round SPOOL triangular

shape

¥IG. 5. Various shapes of the incisive papilla.

The figures for the greatest len
inserted, the measurement bein
of one tenth of a millimetre,

gth and width of the papilla are

g made with calipers to an accuracy

THE PALATINE RAPHE

Note is made of whether the ra
multilinear, or with processes.

phe is prominent, wide, divided

THE ERROR

An appraisal of the classification system required an analysis of
the errors that may be incurred in its practical application.

The sources of error considered were:

1) impression-taking and preparation of the casts,

(2) drawing the ruga pattern on the casts, and

~ (8) estimation and measurement of a given ruga pattern.

Impression-taking and preparation of casts

On storing the impressions and during the hardening of the casts
certain dimensional changes occur which vary from one material to
another.

It would therefore have been an advantage had all the casts and
impressions been made of the same kinds of material. However,
- where the collection of the series covers a long period this is generally
not feasible. Table 1 shows the materials used for the various subjects.

IMPRESSION MATERIAL

Alginate. Measurements have shown that alginates on storing in
air, have a linear expansion of up to 0.1 per cent after twenty minutes;
this is followed by a contraction which after 80 minutes is between
0 and 0.25 per cent (Schoonover & Dickson, 1943; Skinner & Pomes,
1946, 1947; Blomquist, 1953).

Agar agar. On storing in a humidor—the method used for the
casts in question—the linear contraction is, after 3 hours, 0.05-0.3
per cent (Skinner & Kern, 1938; Paffenberger, 1940; Kendrick, 1950;
Skinner, Cooper & Beck, 1950).

Impression plaster. According to the English and German literature
the various brands of impression plaster have different expansion
figures. They are generally put at between 0.1 and 0.3 per cent on
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TABLE 1 Impression and cast materials used for the various

investigation,

groups of the present

.| No.
., Year of I eSS 1
Grou - mpression
Aroup collect. ;:(?s material Plaster type Remarks
Cross-sectional study
Foetus 1954 20 | Trim paste Coecal
Infantile denti- 1948--53 50 9 Tissuetex
tion (a) 3 D.Pp } 23 Coecal
11 Zelex
3 Zelex } 27 Plaster of
24 Paribar Paris
Infantile denti- 1953-54 50 | Tissuetex Coecal
tion (b)
Infantile denti- 1939-41 50 | Dentocoll and Moldano
tion (¢} S. 8. White elas-
tic compound
Adult dentition 1954 100 | Tissuetex Coecal
Mature dentition | 1951-52 50 1 D.P. Coecal
Senile dentition 1954 50 |46 Tissuetex 38 Coecal
1 D.p. 3 Moldano
3 C.A. 37 9 Permastone

Longitudinal study

First examination

Sec. examination

First examination

1. Younger group

1948-50 38% 1 3 DP.
8 Zelex } 11 Coecal
3 Zelex } 27 Plaster of
24 Paribar Paris
1953--54 38 | Tissuetex Coecal

2. Older group
7** Dentocoll & | 7 Moldano
8. 8. White elas-

tic compound

1924-41 15

8 Impression 8 Plaster of Paris

* subjects from the In-
fantile dentition group
(a) in the cross-sectional
study

** subjects from the In-
fantile dentition group
(¢) in the cross-sectional
study

Plaster
Sec. examination 1954 15 | Tissuetex Coecal
: Twin study
Twins 194446 60 | Dentocoll and Moldano Ages 10-40
S. S. White elas- | Albastone
tic compound
1952531 40 |D.P. Coecal Ages 7-19
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mixing with water to a suitable consistency at 20° C. Intensive
spatulation, warmer water and a greater proportion of powder raise
the figure to 0.55 per cent (Sodeau & Gibson, 1927; Schubert, 1937,
Weikart, 1950; Knischewski, 1951; Skinner, 1954).

Thermoplastic impression materigls. The linear contraction on
cooling to room temperature from 45° C (the maximum temperature
at which Paribar may be removed from the mouth) varies between
0.7 and 1.1 per cent (Schubert). ’

Impression pastes. No data on the linear expansion of Trim paste
has been found, but a comparison with similar pastes (Sandermann-
Olsen, 1953) shows that under the conditions prevailing during the
present investigation (well below room temperature) there may be a
variation of —0.05 to +0.35 per cent.

DENTAL CAST MATERIALS

Dental stone. Since the accelerator-retarder system has a varying
composition, the brands have different expansion ranges. Moldano
dental stone has a linear expansion of between 0.1 and 0.25 per cent,
while for Coecal the figure is somewhat higher—0.16 to 0.30 per cent,
with moderate variations in treatment.

The values for Permastone and Albastone were not accessible.
Comparison with similar materials indicates an expansion of from
0.12 to 0.35 per cent (Schubert; Weikart; Dreyer-Jgrgensen, 1954).

According to various tests Plaster of Paris has a range of expansion
of 0.2-0.6 per cent (Schubert; Knischewski; et al.).

The changes in linear measurement that may be ascribed to the
material in no instance deviate appreciably from the actual values,
the greatest disparity being obtained for the combination of im-
pression plaster and plaster of Paris with a deviation of +0.3 to
+1.15 per cent. (Table 2.) The systematic errors are thus small.

The random errors were studied by means of the following ex-
periments. The materials most commonly used were Tissuetex and
Coecal (Table 1). Double impressions were taken for 10 persons. On
the casts so obtained measurements were made of the palatal width
and height. The palatal width was taken as the distance between the
first premolars and between the first molars, and was measured with
vernier calipers to an accuracy of 0.1 mm. The palatal height was
determined at the first molars to an accuracy of 0.5 mm using calipers
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TABLE 2 Percentage linear variation of impression and cast materials
Impression material Cast material Range of variation
of combinations

Zelex

Tissuetex (0,25 to + 0.1 ¢ -Cloec: 5

b %)+ Coecal (+0.16 to +0.3%) =—0.09 to +0.4 %

Tissuetex

D.p, {(~0.25 to +0.19) +

o %! +Moldano  (+0.1 to +0.259%)= —0.15 to +0.35 9

Tissuetex

Paris l

plaster I Paris l

g: . {~0.25 to +0.1 %) +Permastone {-+ 0.12 to +0.35%)= ~0.13 to + 0.45 %
Zelex {(~0.25 to +0.19) + Plaster of {(+02 to +0.6%) = -0.05t0 +0.7 9%,
S.8W, el. Faris

D;(;)t;f;;‘z:;nlnti (~0.30 to ~0.05 %) + Moldano (+0.1 to +0.25 %l=—~0.2 to +0.29
S.8.W. el

Dz(;r::(ij;nd (- 0.30 to ~ 0.05 %) + Albastone  {+ 0.12 to +0.359%)~ ~0.18 to +0.30 %
Trim paste (- 0.05 to +0.35 %) + Coecal (+0.16 to +0.30 %)= +0.11 to +0.65 %

Paribar {~11 to ~0.7%) +Plaster of (+02 to +069%) =09 to - 0.1 9

Impression (+0.1 to +0.55 %)+ Plaster of  (+0.2 to +0.6%) = +0.3 to +1.159

irrfodified to measure in three dimensions (Korkhaus and Lundstrém)
Ihekreference points were: on the first premolars—the mid-point of.'
the fissure; on the first molars—the deepest point of the central fossa.
The differences thereby revealed might be due to random errors ot.'
measurement or to disparities in the impressions and casts. The
standard error of the single determination calculated by the formula?

> d*
i an for the three aforementioned measurements is small

(Q. 1»2, 0.15 ;md 9‘16 mim, or, expressed as a percentage of the measured
distances, 0.4, 0.5 and 0.9 per cent) and of roughly the same order

b d=difference bet : S ad
2iled ween do W .
fons, uble determinations; 7= number of double determina-

39

of magnitude as the pure error of measurement for the same distances
obtained by double determinations on 10 casts (0.14, 0.12 and 0.16
mm). The errors incurred in taking impressions and preparing the
casts may thus be considered as negligible in practice.

Drawing the pattern on the casts

It was found necessary to draw in the whole of the ruga pattern
on the cast in order to be able to perform measurements and classify
the various details. A hard lead pencil was used. For each of the 10
subjects 3 casts were made. One examiner drew the patterns on 2
of the 3 casts of each subject, the third being done by a second ex-
aminer.

Any error incurred in drawing may be ascribed to (a) ditferent
interpretation of the details, and (b) different dimensions of any one
detail. The discrepancies in interpretation were generally in respect
of whether a ruga was continuous or broken. Moreover, there was
occasionally a difference in opinion on whether a feature was a
branch or a secondary ruga, and whether or not there was a union
between two rugae; again, a fragmentary ruga may have been too
inconspicuous to be recorded. There may also have been discrepancies
in the number of fragments due to differences in measurement of
rugae near the minimum length of 2 mm. The results of the repeated

examinations are given below.

DIFFERENCES IN INTERPRETATION
Both interpretations by the same examiner
No differences could be found.

Two examiners
In 4 subjects there was agreement. In the other 6 differences were

found.
Subject Examiner
I 1I
G. V. branch secondary ruga
G. K. - 4 breaks (3 rugae)
U.A. - -
I.L. 3 fragments -
B.D. - 2 breaks (2 rugae)
B.B. - 1 break

A dash (=) denotes that one examiner did not observe the detail seen by the

other. 1 Break differently recorded.



DISCREPANCIES IN MEASUREMENT

On each of the 3 casts of the 10 subjects the same one examiner
made 50 measurements of rugae with lengths between 2.7 and
16.8 mm.

The standard error of the single observation where one examiner
draw the patterns on two casts was 0.835 mm while the tigure where
the two examiners performed the drawing was 0.59 mm.

That there were appreciable errors in drawing is clear from the
fact that the error calculated in this manner on different casts is
greater than that incurred in double determinations on the same
casts.

A measurement error of 0.13 mm was obtained with double deter-
minations—at intervals of some weeks—on the same 36 rugae dis-
tributed on four casts. The error of measurement of the ruga direc-
tion on different patterns was 3.00° (for 50 rugae on seven casts)
while the double determinations on the same pattern gave an error
of 1.61° (204 rugae on 25 casts).

Estimation and measurement of a given pattern

Double determinations were performed on a group of 25 persons
taken at random—13 children and 12 adults. One examiner drew the
pattern on all the casts and made two determinations at intervals of
two to three weeks. A second examiner went through the material,
his examination being concerned only with certain evaluations and
not with actual measurements.

QUALITATIVE ESTIMATE OF THE ERROR
The various double determinations are given in tabular form.
I: 1 denotes the results of the first examiner for the first run;

I: 2 denotes the results of the first examiner for the second run;
II denotes the results of the second examiner for his run.

Comparisons between the examiners are made always between the
values under I: 1 and 11,
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Primary rugae
I: 1 /I' 2 The first examiner reached the same result in both runs for all 25 subjects

(204 rugae).
I: 1/I1  Agreement: 22 subjects (180 rl'xgae').
. Disagreement: 3 subjects; distribution:

No. No.
subjects rugae
Il 11

more than IT 2 16 14

I: 1 recorded
fewer than II 1 8 9
Secondary rugae

I: 1/1: 2 Agreement: 22 subjects {64 secondary rugae).
Disagreement: 3 subjects; distribution:

No. No.
subjects  sec. rug.
L1 I:2
more than 1: 2 2 8 6
I: 1 recorded
fewer than I: 2 1 1 2

I: 1/IT  Agreement: 17 subjects (45 secondary rugae).
Disagreement: 8 subjects; distribution:

No. No.
subjects sec. rug.
I: 1 11
more than II 3 11 8

I: 1 recorded
fewer than II 3 10 15

Agreement in number but the distri-
bution between the sides is different 2

Fragmentary rugae

I: 1/I: 2 Agreement: 21 subjects (23 fragmentary rugae).
Disagreement: 4 subjects; distribution:

No. No.
subjects frag. rug.
Ll I:2

more than I: 2 2 8 6
I: 1 recorded
fewer than 1: 2 1 0 1
Agreement in number but the distri-

bution between the sides is different 1 1 1
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LI Aerecinent 15 Subjects (18 fragmentary rugae),
Disapreement: 10 subjects: distribution: ‘
‘ No. No

subjects  frag, rug.
L1 1§
more than I1 4 10 5
L 1 recorded : |
fewer than 11 6 9 13

In the above tables relating to the number of rugae it should be
borne in mind when assessing the magnitude of the error that if on
one run a ruga should be recorded as primary and on the other run
as secondary, an error is incurred that affects two tables. The vast
majority of the discrepancies in the three tables are of this type.

In the evaluation of ptimary rugae no account was taken of
whether they were primary (O) or primary (X).

Shape of the rugae

LUL2 Asreoment: 21 subjects (175 of 204 rugae),
Disagreement: 4 subjects; difference = | per subject,
LU Agreement: 5 subjects (38 of 202 rugae).
Disagreement: 20 subjects; distribution:
No. of diff. per subject
one - two three four  total
Now of subjeers 13 5 1 1 20
No. of differences 13 10 3 4 30

The error between the two examiners is large (30 in 202 rugae)
and there is possibly a systematic difference between them. There
was a tendency for the first examiner 1o see the rugae more angular
instead of curved, and curved instead of straight, than the second
examiner. This occurred for 24 of the 30 rugae where there was a
difference between the examiners.

Origin of the rugae

L2 Apreement 24 subjects (196 rugae).
- For one subject a difference for one ruga.
L 111 Agreement: 16 subjects (131 rugae).
Disagreement: 9 subjects; distetbution:
‘ No, differences per subject
1 one  two  three total
No, of subjects B 3 i 9
No. of differences 5 6 3 4
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Branched rugae

: 1/1: 2 Agreement: 24 subjects (20 branches). .
o Dig:agrcement: 1 subject, where one branch was recorded only on the sec

ond run.

! ement; 24 subjects (17 branches).
"’ I/H ?)g;:greemcnt: 1-subject, where I recorded three and II two branches.

United rugae

L1/1:2 ' o
and . Agreement: 25 subjects (5 united rugae).
/i
Broken rugae
1: 1/1: 2 Agreement: 25 subjects, of which 3 with one broken ruga (1 break each).
I: 1 /II Agreement: 21 subjecis {same distribution of breaks as above).
Disagreement: 4 subjects; distribution:

No. No.
subjects  broken rug.
I: 1 11
more than - IT . - - -
I: 1 recorded
fewer than J1 4 0 4

For these 4 subjects the first examiner had recorded secondary
rugae in 3 cases and a fragmentary ruga in the fourth.

Papillate rugae (one examiner)

I: 1/1: 2. Agreement: 22 subjects. {43 papillate rugae).
Disagreement: 3 subjects; distribution:

No. No.
subjects papillate rug.
It 1 I: 2
more than 132 - - -
I: 1 recorded o
fewer than 132 3 7

Uncommon: details

1:1/1: 2 Agreement; 28 subjects of which 9 had 16 uncommon details.
Disagreement: 2 subjects;-distribution:

No: No.
subjects details
I:1 1.2
more than I; 2 1 1 0
I: 1 recorded : ;
fewer than Tz 2 1 0
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1 1/I1 Agreement: 92 subjects of which 9 had 15 uncommon details.
Disagreement: 3 subjects; distribution:

No. No.
subjects details
I: 1 11
more than 11 i 2 1
I: I recorded
fewer than II 2 0 2

Posterior limit (one examiner)

L 1/I: 2 Agreement: 20 subjects with 57 registrations,
In 5 subjects one difference each.

Instances where no comparison was made because the casts were
included on one run only are counted as “disagreements”. Normally
one subject is represented by four values (left and right side) for
both primary (O) rugae and the entire ruga zone. On account of
loss of teeth and similar conditions it was not always possible to
obtain all the values; herein lies the reason that the above-mentioned
20 subjects represent only 57 values.

Shape of incisive papilla (Comparison of 24 subjects)

1 1/I: 2 Agreement: 21 subjects,
Disagreement: 3 subjects; distribution:

Subject no. 6D 18C  521A
I: 1 recorded p ¥ L
I: 2 » T T P

I: /I Agreement: 17 subjects.
Disagreement: 7 subjects; distribution:

Subject no. 3¢ 6D 506A  511A 521B  526A  526B
I: 1 recorded T P T T T P S
11 . P ¥ F F F F F

There is a systematic difference between the examiners. While
the first found the F form fairly uncommon (see p. 62) the other ex-
aminer found it rather often. In 6 of the 7 differences the second
examiner recorded the F shape.
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TABLE 3 The random error Oj expressed as a percentage of the mean (&), in deter-
mination of the ruga length, the length and width of the incisive
papilla, the palatal width and the direction of the rugae.

No. oi pelf7 tcea:t if &

Rugalength . . . . . . . . . .. 36 0.13 mm 1.0
Incisive papilla

length. . . . . ... . .. .. 24 0.11 1.5

width . . . . L L oL L L 24 0.10 3.0
Palatal width

at Ist premolars . . . . . . . . 19 0.14 0.4

at 2nd premolars . . . . . . . . 14 0.16 0.4

at Istmolars . . . . . . . . .. 15 0.26 0.6
Ruga direction . . . . . . . . .. 204 1.61°

2 dt
The random error has been calculated from the expression o; = 'Q—n—, where o3

is the standard error of a single determination, 4 the difference between two meas-
urements of the same detail, and n the number of differences.

QUANTITATIVE MEASUREMENTS

For the determination of the error incurred in measuring the
length of the rugae, the length and width of the incisive papilla,
and the direction of the rugae the following procedure was followed.
The length and width measurements were made with calipers to an
accuracy of 0.1 mm. Measurement of the angle between the rugae
and the normal to the palatine raphe was made with a protractor
to an accuracy of 0.5°. The results of these determinations are shown
in Table 3.

Summary

The most important sources of error in the method followed in
this investigation were

(a) impression-taking and preparation of the casts,
(b) drawing the pattern on the casts, and
(¢) measurement and estimation of a given ruga pattern.

(a) Systematic and random errors in impression-taking and prepara-
tion of the casts appear to be small. (The standard error of the single
determination was 0.12, 0.15 and 0.16 mm for one measurement of
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First
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A . 6 -
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millimetres
Second measurement

FiG. 6. Measurements of length of rugae and length and width of the incisive
papilla at two examinations, made on different casts for the intervals 0, 8, 6 and
10 months. Number of subjects for the respective intervals 5, 4, 5, 6.

the height and two of the width of the upper jaw; that is, as a per-
centage of the means, 0.4, 0.5 and 0.9 respectively.)

In (b) error may have been incurred as a consequence of dissimilar
interpretation of details and of the fact that the same detail may
have been given different dimensions. Differences in interpretation
were generally in respect of breaks in the continuity of the ruga.
Disagreements were few, however.
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In (c) both qualitative and quantitative errors may have been in-
curred and, as would be expected, a smaller error was observed on
repeated runs by the same person, and a larger error when two
persons performed the same evaluation. ‘ .

Some of these disagreements (the shape of the ruga and the in-
cisive papilla) are conceivably of a tendential nature.

The error found for the quantitative measurements was small (0.4-
3.0 per cent). o

Besides these technical errors conditions such as an inflamed
mucosa may be taken into consideration.

An examination, repeated after 3, 6 or 10 months, showed no
greater variations than those obtained from the simultaneous double

determinations. (Fig. 6.)



THE VARIABILITY OF THE RUGA PATTERN
IN AN ADULT GROUP

The study group consisted of 1
Royal School of Dentistry,
presented. Their ages range
distribution.

These ages were chosen because the study group was required to
be representative in respect of the fully developed jaw, before any
atrophic changes had occurred. As none of the subjects wore dentures
the possibility of atrophy due to pressure need not be considered.

00 students and personnel at the
Stockholm, the sexes being equally re-
d from 21 to 24 years. See p. 66 for age

Results
PRIMARY RUGAE

NUMBER

There is evidence of bilateral an
of primary rugae (Table 4 A), the tendency being clearest for 4j;
primary rugae (Table 4 B). The male value appears to be higher
(t = 2.85**). There is some evidence of a larger number of rugae
on the left than on the right (¢ = 2.58%).1

Comparison with the figures of other investigators is best made
with the values for 4]] primary rugae.

If the figures given by Locchi (1930) are excluded, the divergence
of which is probably ascribable to differences between his method
and those of other investigators, the results are found to be in fair
agreement. There is no manifest racial difference in spite of the fact
that such diverse groups as Europeans (Northern and Central), North
Americans, Negroes, Japanese and South Am
tions are represented (Table 5).

d sex differences in the number

erican mixed popula-

! The results are illustrated in diagrams and tables b
have been supplemented by y* and ¢ tests, T he probability

P<0.05 is denoted by*
P< 0001 » 3 » *e
P<0.001,, bk

” ”

ut in some instances they
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. . d
i bers of primary rugae in left an
up. Frequency of various num ! e
TABLE £ Egggtesglgtr; :ulves of 50 males and 50 females, with the mean (%)

A. Primary (O) rugae

Left side Right side
No.
D e 3 GRS g o g+
(0) rugae 3
2 5 7
1 2 3
AR ' 12 15 27 19 20 23
AR ' 29 26 55 20 20 o
4. . ... . : X > ’ : 3
2 2 0 2 3 0
7 B 3.92 3.76 3.84 3.78 3.50 3.64
f R . .
B. All primary rugae
No. Left side Right side
‘ +
P::lf;:?’ 3 ? 3+2 3 ? 3+e
0 3 3
1 0 1
s 5 9 14 10 12 22
4?1).— .... ‘ 17 20 37 22 24 ;?
5 o 21 19 40 10 11 ;
..... . 5 2 7 7 0 1
'67; ..... . 1 0 1 1 0
7 . 4.54 4.28 4.41 4.34 3.86 4.10
€ . .

The agreement is perhaps surprising in view of the c‘liffia?ty. tha;
Murakami, Locchi, Weldt, Schultz and Nilles found 1? de 1nmgm i
| hat “the ridges are often so rami-
ruga. Schultz goes so far as to say t . -
fie%i and discontinuous that their number can be.glven on;y a}z-
proximately, even with a very consistent interpretation of each pa
tern”. '

The number of rugae in the present study group varies frgnrll Ci
to 7, a range that has been reported only by Schultz'. The ZVI- ethe
of a’ greater number of rugae on the left than the right an '1fn he
males than the females accords with Weldt's results. Murakami fou
evidence of a similar difference in respect of the sexes.

4 — 557731 Lysell
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TABLE 5 MNumber of rugas per palatal haif for various racial groups,
No. Number of rugae
Author Year |sub-| Sex { Racial group | Age ——
jects Left [Right|Mean |Varia-
tion
Murakami, K. 1928 50| & Japanese * 4.681 4.64! 4.66 3.7
» 2 50 2 3 * 4.341 4.62 4.48 3-6
Locchi, R. 1930 ] 32| & + 9| white South * 341 3.411} 3.4] 34
Armericans
' ' 47 |3 + Q| Negroes * 3.70} 3.72] 3.711 3-6
’ » 24| 3 + 9] Mestizos * 3.67| 3.67] 3.67| 3-5
Weldt, J. 1935! 50] & |mixed races 24 4.30) 422] 4.26] 3.6
{Chile) (18--42)
» ' 501 ¢ ’ 19 4.28] 3.82| 4.05| 3-6
(18-28)
Schultz. A. H. 19491 240 | & + | whites juven & 4.28 | 2-7
adults
’ » 11] @ |Negroes adults 4.187 3-7
Nilles, K. 1950} 50| & |Central 10-50 | 4.34| 4.16| 4.25{ 3-6
Europeans
v ” 50 ¢ ’ 10-50 | 4.32} 4.42| 4.37| 3-6
Lysell, L. 19551 50| @ |Swedes 21-24 | 4.54] 4.34| 4.44] 2-7
" " 50{ @ » 21-24 | 4.28] 3.86| 4.07{ 2-6
* Age not given,
Symmetry

Earlier investigators with few exceptions, Locchi among them,
found that the human rugae presented bilateral asymmetry in respect
of number.

In the present study symmetry is evident in 30 per cent of the
subjects (Fig. 7). Weldt and Nilles give 47 and 42 per cent, respec-
tively. A difference of more than one ruga is found in 21 per cent,
compared with 8 and 10 per cent for the other studies.

SHAPE
‘The shape of the primary ruga is illustrated in Fig. 8.
The straight ruga is very uncommon while some two thirds of the
rugae are curved.
Most descriptions of the rugae include straight, curved, wavy, and
angular forms but no figures have been given on the distribution of
these variants.

51

[
716
6l
55 S I7
516
415
514
[
518 34
3 414
|G|5| 412 5 z 3 2131  |3ls
Symmetry More rugae on right
More rugae on left ym than left

than right
t. 7. The bilateral distribution of primary rugae.

ORIGIN

The first ruga originates almost invariably at the raphe,‘g II—‘IV
do so with decreasing frequency, one third of these rugae originating
in the medial half; rugae beginning in the lateral .half f':lre less com-
mon, although a certain increase in this respect is ev1de.nt f':l.r‘r.long
the posterior rugae. The small number of. R V-VII .mak?s'lt ditficult
to give a general picture of the distribution of their origins.
In these calculations only the primary (O) rugae have been con-
~sidered. If the primary (X) rugae are incluc‘led .the number \A."itl‘l
origins in the lateral half is greatly increased in .VII’tl.le of the defini-
tion of the term. Their distribution is shown in Fig. 9 where the
extra primaries are denoted by diagonal lines:

No clear difference between sexes or sides is observable.

No comparison with other studies is possible })ut the observatioTls
confirm the occasional statements that the posterior rugae often begin

at a distance from the palatine raphe.
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NUMBER LEFT
W4 % 30 % o181z g 0

NUMBER RIGHT
0 ¢ 12
RUGA | © “ B BN % 4oy

s

il
E3  straeHT o y_ g
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N wavy 7
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FIG. 8. The shape of the primary rugae.

|
:

el i

E il

AR{AN/RRIARINR

R=origin in contact with the palatine raphe Each square represents 5 rugae
M=origin in the medial half of the ruga zone Black squares=primary (
L==origin in the lateral half of the ruga zone Shaded squares=primary (X)

¥ic. 9. The origin of the primary rugae.

DIRECTION

There is a manifest difference in direction between the males and
fermales. The rugae of the former have a more forward inclination;
the difference calculated on all the primaries is 6.46 + 1.57° (i =
4.11%%%),

Bilateral asymmetry is evident in both sexes. The rugae on the
right side are more backward inclined (Table 6). This is most clearly
illustrated by R 1I-1V, where the mean difference between the sides
for the primary (O) rugae is 16 to 18°. It is also apparent that com-
pared with the first rugae the others have a greater backward in-
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TABLE 6 23 year grou 7
p. The mean (Z), the standard error of
m , the m T
the standard deviation (0) for the direction of the rugueeqn (¢(@) and

(50 3 +50 Q).
Lef ) i
Ruga Fte (i) - o No. Right N
+ Zte(z o
rugae (@) a rugae
Primary (0} rugae
Ii ...... + 5.65+1.36 13.60 100 - 355+1.37 13.72 100
ml - 0.15+1.60 1595 100 -18.55+1.51 15.14 100
el —- 490+2.34 2301 97 ~20.83+£1.79 17.23 93
MR - 5.75+3.17 2650 70 ~23.82+292 2148 54
...... - 1442+6.75 2611 15 -16.89+6.73 25.13 14
Primary {X) rugae
+ 0954426 3213 57 - 0.184491 3331 46

The directi i
e direction was measured as the angle (in degrees) between the ruga and the

normal to the xaphc for
'y rward and backwald inclinations bClﬂg denoted as pOSlthC
and negative, ICSPCCUVCIV.

clm.ation, the difference being more pronounced on the right. Com-
paflson between R I and R III reveals differences of about 26° and
lle()SS lior the right and left sides, respectively. For the posterior and
umerous ruga i
P rilit; ;:1; same differences are not so marked and the
No. such difference could be discerned for the primary (X) rugae
It is hardly conceivable that such marked asymmetry as is fognci
for tt}e primary (O) rugae is ascribable to the method; the examiner
sat directly behind the cast at the extension of the [;alatine raphe
anfl when placing the points observed the rugae from directly abr())ve,
It is more likely that there is in fact bilateral asymmetry of direction.
‘It may be mentioned that Lundstrém (1951) found similar asymmetr .
in respect of the upper first molars, the left of which was situate(}i’
further forward than the corresponding tooth on the right, the dif
ference being statistically significant. , -
'Amf)ng the other investigators who have devoted attention to the
dn‘ectlo‘n of the rugae are Murakami and Weldt. They divided the
rugae into three groups: forward inclined, perpendicular to the
raphe and backward inclined. They report only those cases that are
more or less symmetrical and where the majority of the rugae had
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the same direction. Murakami found that in a study group of 52
Japanese the forward inclined rugae were the commonest (37 subjects)
with the perpendicular next (14), while there was only a single case
of backward inclined rugae. Weldt's figures for 77 subjects were 38,
37 and 2.

There are evidently rather large differences between the figures
of these investigators and those for this study. It cannot be excluded
that the greatest difference is related to the orientation of the cast.

BRANCHED RUGAE

The males had together 29 branched rugae, the females 31. All
but 7 are the first two on each side. There is no marked ditference
between right and left (26/34) or between the sexes (Table 7). Such
a tendency to ramification as mentioned under Uncommon details
is found 6 times among the males and 9 among the females; the first
and second pairs of rugae are concerned in 4 and 7 cases, respectively.

UNITED RUGAE

There are two types of union between rugae: (a) where the rugae
have different origins and (b) where they diverge from a common
origin. Neither of these is particularly common; where it is found
it is generally among the three first pairs (34 of 36 unions).

Connected rugae with separate origins occur 10 times in males
and 12 in females. The feature may also occur between primaries
and secondaries and between primary and fragmentary rugae (4 times
each in males and females).

TABLE 7 23 year group. Frequency of branched, broken and united RI-VH listed
according to palatal half and sex (50 &+ 50 Q).

Branched Broken United
Separate Common
Ruga Ruga origins origin
3 ? ) ? 3 ? 3 ?
LR LRILR LR LR LR LR LR
11710 6 9{0 0 00 yir {3 4 7 2 1 2 0 4
Imla 5 75(00 00 mmr {1120 1 0o 10
111 1 1 0 2101 10 oywv jo o 0 1 o0 00
v lo 1 1 1}{1 2 1 2 wvyvijitro 00 o0 0O
Vv.VII |0 0 0 0}0 1 00 yiarfo o 0 0 03 0 2
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The second ion i
e cond. tfye};ela;):s uImon 1s recorded 7 times in males and as
o e fema . bn no case .does it occur between primar
nd g ¢ or between primary and fragment ke
the tormer type, which occurs only between numerically e regs
C

3 subjects display a comm C
(Table 7). on origin for the first and ¢

lose rugae,
hird rugae

BROKEN RUGAE

Broken rugae occur infre
en quently (Table 7), and
found it 1s always R III-V that are involved? It is ;:/l;(;re they' o
‘m males, the numbers of breaks being 1, 1, 1, 8 and NG tfmes
in females—with 1, 2, 2, and 3 breaks G and 4 dme

Branched ]

ooty ;nbrjokrirez and united rugae do not appear to occur more

b rume occurpec;sons than ofhers. Among the males two

pranch e o red only three times, and two united and two

e e © eZl/d(l)nce each. Afnong the females three and two

pituraated. occurred twice. Two united rugae were f
jects. No case of more than one broken ruga was fo O(;md

und.

Comparison with
other studies of b
o peres ranc ;
rugae is difficult to make. hed, united and broken

Murakami, Weldt and Nilles report
pl*anched rugae (Table 8). A contributory r
1s that branches less than three mill y
as Uncommon details. They are 15
first two rugae.

A possible explanation

higher percentages for
: eason for the differences
u.netres in length were recorded
i number, 11 of them on the

is that the oth
branched . . er authors count
those rugae that in this study were recorded as se eccli o
con ary

TABLE 8 Percent
clccmn:wdic:'l‘ge tfreque.ncy of 0, 1 and 2 branched rugae pe
g to various authors. (Each study group co o D0 o listed
palatal halves. mprised 200

Author Number of branched rugae
0 I 2
Murakami . . . . . . . . 46
Weldt. . . . . . . . o o )
Nilles. . . . . . . . . . o i . 125
Lysell.....A...‘.'.” ;ﬁ; " ;
e e 26 2
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ched rugae involving RI-V reported by various authors

TABLE 9 Frequency of bran
(200 palatal halves each).

Author RI RII RIII RIV RV
Murakami . 71 25 23 5 2
Weldt 42 43 45 17 1
Nilles . 42 31 39 9 1
Lysell . 32 21 4 3 0

or fragmentary. If this supposition is correct, the concentration of

the ramifications to the first two ruga¢—more marked in the present
study group—may be ascribed to the fact that secondary and frag-
mentary rugae are fewer around the first than the other pairs. If a
certain percentage of these in the author’s material were transterred
to the branch group the values would possibly accord better (Table 9).

The term united rugae does not seem to have been used, so that
it is conceivable that this feature is generally recorded under the
heading Branched. As, however, no definition of this term can be
found it is impossible to decide if this is the case.

The three above-mentioned authors found an average of 2-3 broken
rugae per subject while in the author's group they were rare excep-
tions. These large discrepancies are probably a result of different
bases of recording. It is conceivable that what the other investigators
call broken rugae have been termed secondary and fragmentary rugae

by the author.
PAPILLATE RUGAE

A little more than one third of the rugae are papillate, possibly
somewhat more for males than females. This feature 1s most com-
monly found in the third and fourth rugae (Fig. 21, p. 80).

Comparison with other study groups is a hazardous procedure as
it is difficult to know what the other authors considered to be a

papillate ruga.
Ohshima gives the figures 43 and 45 per cent for the left and right

sides, respectively.
UNCOMMON DETAILS
In addition to the remarks under the headings Branched and

United rugae ring formations were observed twice in the male group,
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TABLE 10 23 year group. Fr i
« Frequency of various numbe i
right palatal halves of 50 males and 50 femalz,ojv::: ot:c:c:nr);;: ‘('z;)e 0 Jeft and

No.
secondary beht Right
rugae 3 2 3+2 3 ? 3+2
0. .. 8
P 9 17 11 9
; ....... 18 16 34 15 18 gg
R 12 14 26 10 1 21
L 10 6 16 11 8 19
: e e e 1 4 5 2 4 6
....... 1 1 2 1 0 1
.. .0 oL, 162 1.66 1.64 162 1.60 161

Number of secondary rugae associated with primary rugae |-VIii

Primary Left Right
ruga
g ? 3+Q g ? g+
) 10 15
. 25 13 18 31
xg ..... 20 22 42 19 18 37
xv' ..... 20 16 36 24 22 46
V‘ 19 20 39 19 19 38
RASERE . 9 10 19 3 3 6
P 3 0 3 3 ~* 3
VIL. . .., 0 e 0 0 - 0

* No primary rugae of this type present.

f:mcl ;n one case there was a semi-circular termination to 2 ruga. The
emales ;?resented 5 ring formations (or round swellings). .
In all instances these details occurred on R 1

SECONDARY RUG AE
NUMBER

The num})er of secondary rugae is a little less than 2 per side
They occur in roughly 4 out of 5 palatal halves. No decided difference;
between the sexes or the two sides can be detected (Table 10)

Although the presence of small rugae has been pointed o‘ut b
fﬁfﬁy £11857-64) nowhere in the accessible literature has there beez

any report giving attenti
o pOSSible.@ g on to such rugae, so that no com.-

{
1
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TABLE 11 23 year group. Frequency of various numbers of fragmentary rugae of 50
males and 50 females, with the mean (Z).

No. Left Right
fragmentary
rugae g Q- 3+2 ) ? 3+
0. ... .. 25 21 46 24 18 42
) S 15 20 35 14 24 38
2 000 6 6 12 9 7 16
3. ... 3 2 5 3 0 3
4 ... ... 1 1 2 0 1 1
F oo . e . 0.80 0.84 0.82 0.82 0.84 0.83
Number of fragmentary rugae associated with primary rugae I-VIIL
Primary Left Right
ruga 3 Q 3+ 3 ? 3+
I. 5 3 8 8 5 13
IT. 7 11 18 9 11 20
IIT . 16 14 30 12 16 28
v, .. .. 5 8 13 7 8 15
V. 6 6 12 3 2 5
VI. 1 0 1 0 —* 0
VII. . . .. 0 — 0 2 —% 2

* No primary rugae of this type present.

The only fairly accurate details on secondary rugae seem to be
given by Aufiero & Cesati and Carrea; the former use the term pieghe
secondarie (as distinct from pieghe principali), the expression denot-
ing rugae of unusual shape. The term Nebenruga (= secondary ruga)
is used by Carrea (1955). No figures are given in either case.

DISTRIBUITON AMONG PRIMARY RUGAE

Secondary rugae occur in association with all primaries, but the
greatest proportions are found around R IV (see Table 10).

FRAGMENTARY RUGAE
NUMBER

The number of fragmentary rugae per side is a little less than one,
on an average (see Table 11); they occur in one half of the palatal
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TABLE 12 23 year group. Frequency of the various posterior limits of the ruga zone,
listed according to palatal half and sex.

Primary {0) ruga zone Ruga zone (whole)
Tooth zone Left Right Left Right
2 2 3+¢ & 9 g+Bl & @ g+ & ¢ I+¢

4 mesial .

4 distal. . . . 2 2 2 2

4/5 proximal ., 3 3 2 1 3

5mesial . . .1 18 11 24 15 11 26 1 1 1 3 4
5 distal . . . .| 15 12 27 7 7 14 3 5 8 5 7 12
5/6 proximal .| 10 8 18 9 9 18 5 12 17 10 7 17
6 mesial . . .| 3 4 7 9 9 18 29 21 50 24 22 46
6 distal. . . . 1 1 5 5 2 2

halves. There is no observable difference between the sexes or sides.
The only mention of fragmentary rugae appears to be made by
Sappey (1857-64), Silva (1938) and Aufiero & Cesati (1940). In the
last two systems the type is referred to as linha simples ponto and
pieghe secondarie puntiformi.

DISTRIBUTION AMONG PRIMARY RUGAE

Fragmentary rugae occur in the proximity of all primary rugae
although most commonly around the third (Table 11).

POSTERIOR LIMIT OF THE RUGA ZONE
IN RELATION TO THE TEETH

The primary (O) rugae reach on an average to the distal part of
the second premolar, while the whole ruga zone extends almost to
the mesial part of the first molar; there is no evident difference
between sexes or sides (Table 12).

A direct comparison with the values of Murakami, Weldt and
Nilles cannot be made as it is not known how they oriented their
casts. If no mechanical aid was used the values can hardly be very
reliable.

The general opinion is that the rugae never extend further back
than the first molar.
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TABLE 13 Bilateral comparison of posterior limit of ruga zone. The position of the
right limit is given in relation to the left (difference in mm).

R posterior to L
2 3 456 7 8

R anterior to L Level
8 7 6 5 4 3 2 1 0 1

Primary (0),

No. subjects . 1 1 7 1 4 8 4 6 3 3 2 1 2
All rugae
No. subjects . 1 2 4 4 20 3 5 1 1

BILATERAL SYMMETRY

In connection with the question of the extent of the ruga zone
a study was made of the bilateral symmetry of the posterior limit
(Table 13).

The subjects included were those concerned in the study of the

extent of the ruga zone in relation to the dental arch; that is, persons
- with dentitions complete as far as the posterior limit, with no evident
crowding or over-spacing. (As persons with these anomalies and
extractions were excluded no account need be taken of their local
_influence on the positional relationship between the rugae and the
teeth.)
~ The measurement was performed by drawing the normals from
the points indicating the extent of the zone to the line representing
the palatine raphe. The distance (in millimetres) between the points
f intersection of the normals and the raphe gives a measure of the
asymmetry (Fig. 1).
. Neglecting differences of less than 2 mm and thus considering such
tances as symmetrical, it is found that in the great majority of
ases the posterior limit of the ruga zone is bilaterally symmetrical.
n the other hand, for the primary (O) rugae, only, symmetry in
his respect is not so common.

HE INCISIVE PAPILLA
SHAPE
In most cases the incisive papilla is pearshaped. The somewhat

similar triangular form is relatively common, as is the long, narrow
type (Table 14).

Comparison with the reported data is very hazardous. The subjec-
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TABLE 14 23 year group. Frequency of various shapes of the incisive papilla in the
sexes (50 &+50 Q).

Shape 3 ? 3+2
Flame-shaped . . . . . . 1 1 2
Long, narrow . . . . . 6 10 16
Oval. . . . .. ... ... ... 2 8 10
Pear-shaped. . . . . . . N 30 26 56
Round . . . . . . ., . 0 0 0
Spool-shaped . . . . . . o 0 1 1
Triangular. . . . . . . . e 11 4 15

tive element is often great—as is borne out by the random error in
determination of the form of the papilla—and it is not known how
the various authors define the term.

Muraxkami, WeLpT and NiLLEs found that spool-shaped, oval and
pear-shaped are the commonest types in their study groups with rather
similar numbers of each in Weldt's and Nilles’ materials; Murakami
found that the spoolshaped papilla dominated. The long, narrow
type in the present study is presumably similar to the needle-shaped
type of the other authors, who however find it rather uncommon.

LENGTH AND WIDTH

The results show no difference between males and females in
respect of length, although the incisive papilla may be wider in the
man than in the woman (t = 2.47*); this is also evident in the greater
W/L index of the former—53.4 against 48.6 (Table 15).

TABLE 15 23 year group. The mean (£), the standard error of the mean (¢ (£)) and
the standard deviation (0) for the length and width of the
incisive papilla and W/L index (50 3 +50 Q).

Ze(F) o
3 7.41+0.19 1.34
Length . . Q 7.43+0.20 1.40
' 3 3.93+0.13 0.89
Width . Q 3.51+0.11 0.75
’ E) 53.4+ 1.3 9.4
W/L index ) 48.6+ 1.5 10.9
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Nilles found that both length and width were less in the males,
while Weldt reached the opposite conclusion. (Murakami made no
division into sex.)

The W/L index was given by Nilles as 49.3 for males and 48.7
for females, while the corresponding figures for Weldt were 56.9 and
56.1. Murakami reports 67.7 with no sex division.

Summary

1. There are about four primary rugae per palatal half, generally
somewhat more in males than females and on the left than the
right.

2. There is generally no bilateral symmetry in number, the dif-
ference between the sides being frequently one ruga.

8. There are generally one or two secondary rugae on each side,
with no evident bilateral or sex difference. In most subjects the
secondaries occur in the proximity of the fourth primary.

4. Fragmentary rugae have an average of a little less than one
per side. They occur in most palates around the third primary. There
is no sex or bilateral difference.

b. About two thirds of the rugae are curved; the rest, with the
exception of a few straight ones, are angular.

6. The origin of the first ruga is invariably in contact with the
raphe, this being progressively less frequent for the second, third
and so on. No sex or bilateral difference is evident.

7. Both sexes evidence a marked bilateral difference in the in-
clination. The right rugae are more backward inclined than the left,
this feature being more pronounced for the rugae behind the first;
there is no sex difference. In general, the backward inclination is
more marked in female palates than male.

8. Branched rugae are rare (60 of 851) and generally occur as
the first or second (all but 7). No sex or bilateral difference.

9. United primaries with separate and common origins are seldom
found (36 of 851); it is almost invariably the three first pairs that
are united. No sex difference.

‘ 10. Broken rugae are extremely rare (9 of 851) and are found only
in the third, fourth and fifth,

11. Roughly one third of the rugae are papillate, generally the
third and fourth; somewhat more common among males.
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12. The posterior limit of the ruga zone (ordinary rugae) is
an average at the distal part of the second premolar. The limit £0011
the zone of all rugae is a little short of the mesial part of the fj )
molar. No sex or bilateral difference. o

18. The posterior limit of the ruga zone in most cases presen
bilateral symmetry but not the limit for the ordinary rugae. N

14. The incisive papilla is generally pear-shaped.

15. Its length is the same in both sexes but the width is possib]
greater among the males, giving a higher width-length index. !

THE POST-NATAL ONTOGENIC DEVELOPMENT

«tent do the rugae change during the period of develop-
ent and growth of the jaws and thereafter?

_Opinions differ in this question. Carrea (1987, 1940, 1955) and
Jva (1938) maintain that the ruga pattern is absolutely constant
nd unchanging throughout life, while Gegenbaur (1878), Retzius
06) and Goria (1911) are among those who consider that atrophic
nges, at least, occur.

The study reported here is concerne
ring various postnatal periods.
The problem was studied in a population of various ages (Cross-
tional study) and on individual subjects over a long period (Long:-

tudinal study).

To what €

d with the changes taking place

Cross—sectional study

Study group

Group 1 consisted of impressions taken of practically all the
ildren 4-b years of age who visited the Dental School over certain
riods until 50 good samples had been collected.
Group 2. Children registered at the Royal School of Dentistry who,
Iring a certain period, attained the age of 10 years were summoned
T impression-taking. There was an 85 per cent response and good
1pressions were obtained from all.
Group 3. Impressions were taken on all pupils (with the exception
f the extremely young and old) in ten classes from three Elementary
Schools situated near the Dental School. Fifty satisfactory impressions
were taken at random for the material.
Sc}?(:())lup 1. The. same group of students and personnel of the Royal
of Dentistry as used in the study of the variability of the
Tugae (p. 48).

5— 557731 Lysell



b
67

No,
cases Group 5 consisted of adults aged 40-50 years who were the parents
of the children of a given group. They had never worn upper den-

2 tures. The response to the summons was 90 per cent.
bt M - Group 6 were patients above 65 years of age who had attended
the Dental School or private dentists. None had ever worn upper

24+
[ ] - dentures.
No. subjects
) Q
0) fully developed foetuses (p. 85) 8 12
1) infantile dentition a (deciduous) 25 25
2) » » b (mixed) 25 25
3) » » ¢ (permanent) 25 25
4) adult dentition 50 50
5) mature dentition 25 25
6) senile dentition 25 25

s
J
—

-
-

, 1]

o N o
~14.01-14.50 [

The ages within the groups are given in Fig. 10.

In virtue of the great increase in the population of Stockholm
over recent decades through immigration from the provinces, the
Years study group of this investigation may be considered to be representa-

No. tive of the Swedish population from the aspect of hereditary biology.
cases On the other hand, such a factor as the dental status that is easily

influenced by the environment is probably better in the material
241 than in the population as a whole. This may be of significance to
the direction of the rugae and the shape of the incisive papilla and

has therefore been dealt with separately.
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Results

21
1. NUMBER AND DISTRIBUTION OF RUGAE

Primary rugae
The number of rugae for males and females combined is some-
what more than 4 per palatal half (Fig. 11), with no great dit-
0 ference between the age groups except for the oldest which has a
lower average than the others (difference between 23 and 72 year

552888 3s3sss388ss
JTIIIeR SERRRERS g groups = 0.73 + 0.11; t = 6.64***). No definite sex difference was
g ; % g § % S cg 3 g3 33 3 established except for the 23 year group. The distributi'on. curves
Years X 1456 e A S N g show the frequency of R I-VII (Fig. 12). The curves are similar for
X=722 ] all age groups except the oldest, where the frequency is clearly lower

Fi6. 10, Distribun \ !
istribution of subjects according to age groups. : for R III-V.
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¥i6. 11. Mean number of primary rugae per side in the various age groups.
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Fic. 12. Percentage distribution of R I-VII in the various age groups.
Secondary rugae

Table 16 shows the number of secondary rugae in the age groups.
The four younger groups have a little more than one and one half
rugae per side, while for the two older groups the figures are lower
(x*> = 28.2**%, DF. = 8).

In the three youngest groups it is the R III that most frequently
has adjacent secondary rugae while in the other groups it is the R 1V
(see Fig. 13).
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TABLE 16 M
ean number of secondary rugae per palatal half in the various a
g€ groy
ps.

71

{ fragmentary rugae per palatal half in the various age

7 Mean number ©
groups.

ABLE 1

T L& Right Both sides

oup
g s @ g+ & ¢ gre & % 8@

1.80 1.28 1.5% 1.84 156 170 1.82 142 1.62
2.16 1.68 1.92 1.80 176 1.78 1.98 172 185
1.96 144 170 1.56 1.44 150 1.76 144 1.60
1.62 166 1.64 1.62 1.60 1.6l 1.62 163 1.63
1.08 108 1.08 1.08 136 1.22 1.08 122 L.15
.12 1.44 128 1.56 1.28 142 1.34 136 1.35

Ag(eyrgsr)oup Left Right Both sig
: &2 g+ & 3 -
+
3+ 3 2 3+9
5. 116 112 1.1
. . 14 120 124 1.2
5. . . 118 118
1o, ééi 052 082  L12 092 102 112 079 (1)'18
3. 051 0.60 062 088 0.76 082  0.76 068 0'92
2. 080 084 082 082 0.84 0.83 081 084 0'72
. 024 0.36 030 036 040 0.38 030 038 0'83
08 044 026 040 044 042 024 044 ogi
Per cent
5 YR'S' .........
sol :g oo

iy

I

ric. 13, / i
I3. Percentage of R I-VI having one or more secondary rugae.

F 4
T

I

IT ¥ X MRuea

The number of fragmentary rugac is on an average one per side
n the younger groups. The figure generally falls with age (y2=62.0%**,
D.F. = 6) and in the two oldest groups it is roughly one third per
side (Table 17). It is R I1I-V which most frequently have adjacent
fragmentary rugae. No disparity in the ditferent age groups can be

detected (z* = 4.2, D.F. = 11) (Fig. 14).

The total ruga frequency

primary + secondary + fragmentary)

The curves and tables show a largely even distribution of the
verage number of rugae among the younger groups. There is a
endency towards an increase with age but it is indefinite and small.
A lower figure at higher ages can be established for the primary
ugae, however, only in the highest group, while in respect of the
condary and fragmentary rugae an appreciable difference is evident
n the two oldest groups.

2. SHAPE OF PRIMARY RUGAE

A common feature of all the age groups is that curved rugae are
by far the most common, while the straight type occurs extremely
seldom. In all groups except the oldest one quarter or one third of
tk'le rugae are angular while for the oldest group it is nearer one
eighth (Fig. 15).

It would seem as if the rugae in this group were not well-defined.
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F1G. 14. Percentage of R I--VI having one or more fragmentary rugae.
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ri6. 15, Percentage distribution of straight, angular and curved rugae in the
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¥1G. 16. Percentage distribution of angular and straight R 'L—IV in the vari
age groups. Upper curves—angular rugae; lower curves—straight rugae.
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Years
R==origin in contact with the raphe
M==origin in the medial half of the ruga zone
Le==origin in the lateral half of the ruga zone

#i6, 17. Percentage distribution of the origin of the rugae in the various age
groups,

An angular outline is rather uncommon for the first ruga, but
increases in frequency in a backward direction in all age groups
(though less marked in the oldest), at the same time as the curved
ruga becomes less common (see Fig. 16).

3. ORIGIN OF PRIMARY RUGAE

The position of the origin for the various age groups is shown in
Fig. 17. No age variations are apparent (32 = 6.1, D.F. = 4), neither
does the distribution of the origins of the individual rugae seem to
vary with age. This is apparent from the Fig. 18 for the four first
primary (O) rugae in the various groups.

4 DIRECTION OF PRIMARY RUGAE

As pointed out in the previous chapter in all age groups the right
rugae are more backward inclined than the left, the angle increasing
from the first to at least the third ruga, this increase being more
pronounced for the right than the left side. The backward slope

75
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F1G. 18, Percentage distribution of the origin of R I-IV excluding the primary
(X) for the various age groups. (For keys see Fig. 17,
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Sié,esl? chean (}}1“&6(10!1, measured in degrees, of R I~1V on the left and right
pdes 1'11 ; e mrmuf, age groups. Forward-inclined rugae are denoted as positive and
Ckward as negative. The upper line in each age group is for the left side.

falls off with age (Fig. 19), especially for the right side in the two
oldest groups, with the result that the difference between the sides
becomes less pronounced. For instance, the differences between the

28 and 45 year group for R IIT and R 1V on the right are 7.61 + 3.49°
(¢=2.18%) and 10.34 + 4.38° (1 = 2.36%).
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TABLE 18 Frequency of branched rugae RI-Vil in the various age groups
(100 palatal halves).

Age group (yrs.)
Ruga 5 10 13 23 45 72
L R L R L R L R L R L R

1..7 8 13 8 9 9 10 65 95 9 8 3 6

Im. .| 3 7 9 9 7 7 55 5 4 5 4 5
Im. . 1 1 2 2 2 1 05 15 3 1 1 1
w. .| 1 0 0 2 2 0 0.5 1 11 0 0
v-vir. . 0 0 0 0 0 1 0 0 0 0 0 0
Total |13 21 19 22 20 19 13 17 17 15 8 12

5. BRANCHED RUGAE

There is no appreciable difference between the various age groups,
but a somewhat lower number is evident in the three oldest groups
and especially the oldest. Branched rugae are consistently rather un-
common and occur mainly as RI and RII (Table 18). Minor
branches included in Uncommon details occur rarely; they are fewest
in the oldest group (Table 19).

6. UNITED RUGAE

Both types of union are rare in all age groups, and occur mainly
between R I and RIL The age distribution is uneven. (Table 20.)
The same is true of connections between primary rugae and both
secondary and fragmentary rugae (Table 21).

TABLE 19 Frequency of minor branches on RI-Vil in the various age groups
(100 palatal halves).

Age group (yrs.)
Ruga

5 10 13 23 45 72
Io. ... .. 6 5 5 3.5 9 2
Im.. ... .. 0 1 3 2 3 0
mr. . .. I 3 1 1.5 4 0
wv.. . . 1 1 0 0.5 1 0
Total 8 10 9 7.5 17 2
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TABLE 20 Frequency of united rugae RI-VIl in the various age groups (100 palatal
halves).

Separate origing

Age group (yrs.)
Ruga
5 10 13 23 45 72
myir. . ... 3 17 2 8 8 3
muar. . ... 0 2 2 2 2 1
myjiwv.,. .. .. 0 3 0 0.5 1 0
viv. . .. 0 0 0 0.5 0 0
mwiv. ... 0 0 0 0 1 0
Common origin
Age group (yrs.)
Ruga
5 10 13 23 45 72
mir. . ... 5 2 11 3.5 8 1
11111 0 0 1 1 0 0
Iy . 1 0 0 0 0 0
I 0 0 0 2.5 0 0

TABLE 21 Frequency of unions between RI-VI and secondary or
in the various age groups (100 palatal halves).

Separate origins

fragmentary rugae

Age group (yrs.)
Ruga
5 10 13 23 45 72
I. 6 3 4 2 3 3
.. .. ... 2 0 1 1 2 0
mor.. .. .. 1 4 2 0.5 0 1
oo .o 0 0 1 0 1 0
Voo oo, 0 0 0 0.5 0 0
VI 0 0 1 0 0 0
Common origin
Age group (yrs.)
Ruga
5 10 13 23 45 72
... ..., 0 2 2 0 0 0
) 0 0 0 0 0 0
L. .. L. 0 0 1 0 0 0
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TABLE 22 Frequency of broken rugae RI-Vil in the various age groups (100 palatal
halves).
Age group (yrs.)
Ruga
5 10 13 23 45 72
11. 1 0 0 0 0 0
III. 3 3 2 1 0 0
Ive . . oo 3 4 0 3 3 0
V.. 0 0 0 0.5 1 0

7. BROKEN RUGAE
As broken rugae are always few in number it is difficult to compare
the groups (Table 22).
8. PAPILLATE RUGAE

In the four youngest groups roughly one quarter or one third of
the rugae are papillate; the type is much less common in the two
oldest groups (y? = 144.8*** D.F. = 2). In all the age groups there is

p

30t

40 1

301 | —

7 <1 T§ &S 7§ 73§ 73
5 10 13 23 45 2,

Years
FIic. 20. Percentage of papillate rugae in the various age groups.
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Ruga

¥ic. 21. Percentage of papillate R I~V in the various age groups.

a somewhat higher value for males than females (42 = 6.8%, D.F. = 1).
(Flg. 20.) R 11T and R IV are the ones most often papillate (Fig. 21).
The first ruga is rarely papillate.

9. UNCOMMON DETAILS

In addition to those mentioned under Branched and United rugae,
a further 24 uncommon details, were recorded, 11 in males and 13
in the females. In two casts they consisted of semicircular terminations
of a ruga, and in the other cases they were annular or round swellings
on the ruga. In all but two subjects they were on R I. The distribu-
tion in the age groups of the number of these details was, from the
youngest to the oldest group, 3, 4, 1, 8, 6 and 2.
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Fic. 22. Percentage distribution of the posterior limits on the tooth zones for the
various age groups. All rugae. (Each palatal half recorded separately.)

10. THE POSTERIOR LIMIT OF THE RUGAE IN RELATION
TO THE TEETH

Total ruga zone

The posterior limit of the ruga zone in relation to the teeth shows
for the youngest group a very marked maximum around the mesial
zone of the second deciduous molars. There is a tendency for the
limit to move backwards in the dental arch with age up to 20 years.
For the 28 year group and for the two oldest the rugae generally
reached the mesial part of the first molar (Fig. 22).

Primary (O) rugae

Some tendency to move back with age is observed also in the
primary (O) rugae. The maximum for all groups being near 5 m
(for the 5 year group it is 04/05-05 m). (Fig. 23).

For the two oldest groups the values are uncertain. These groups
are represented by fewer palatal halves than the others, mainly on
account of loss of teeth. For example, for the total ruga zone the
values for these two groups are based on only 51 per cent and 43

O~ 557731 Lysell
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Fi6. 23. Percentage distribution of the posterior limits on the tooth zones for the
various age groups. Primary (O). (Each palatal half recorded separately )

L
50IBST SIHBBHTR JNBBER SURBLR FBBETE 5H0BBBR

Oval Pear Round Spool  Triangular
shaped

51013234572 Yrs.

Flame Long,
shaped  narrow shaped

per cent of the total number of palatal halves, against 98-73 per
cent for the four youngest groups. The difference may in part be
ascribed to the fact that the posterior teeth are generally lost before
the anterior; the number of subjects with rugae extending further
posteriorly being under-represented. ‘

¥ic. 24. Occurrence of the types of incisive papilla in the various age groups.

planation may be that the pear-shaped papilla, th‘at has a fairly fie-
tailed configuration, may at advanced ages be considered as changing
to the simpler contoured oval form. This may also explain why the

1. INCISIVE PAPILLA imple round form occurs only in the oldest groups.

Shape

In the four youngest groups the pear-shaped incisive papilla is by
far the commonest. The long, narrow form also occurs fairly often
in these groups, as does the oval and the triangular, the latter re-
sembling the pear-shaped papilla (Fig. 24).

In the two oldest groups the oval and the pear-shaped papilla are
almost equally common and occur in the majority of the palates
and with approximately the same frequency. In these two groups
there are also 5 subjects with round papillae, but there are none of
these in the four youngest groups. Four of these were edentulous
persons,

The greatest difference between the higher and lower age groups
is found in respect of the greater number of oval and the smaller
number of pear-shaped papillae in the former group. The sums of
these two types for the various groups are roughly equal. The ex-

Among the males, the youngest and oldest groups have sho-rter
Incisive papillae than the others, between which there are no obvious
differences. Among the females, the value for the 23 year group
differs from the others; there is evidently a similar tendency in the
oldest group to that found for the males (Table 23). ‘

For the 23 year group no sex difference could be estabhshc?d but
in three of the other groups the females have definitely lower figures.

Width

Among the males the width of the incisive papilla is much t-h;
same in all age groups with the possible exception of the oldest whic
has a lower value.
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TABLE 23 The mean (), standard error of the mean {¢{£)) and the standard devia-
tion {0) for the length and breadth of the incisive papilla in
the various age groups.

Age group Males Females
{yrs.) £t e (2) a No. Ft e (F) o No.
/ Length (mm)

5.. ... .1 636030 1.49 24 6.76 +0.17 0.83 25
10. . . . .. 7.4410.26 1.31 25 6.42+0.21 1.07 25
13.. . ... 7.26 +0.28 1.41 25 6.401+0.27 1.37 25
23, . . ... 741+ 0.19 1.34 50 7.434+0.20 1.40 50
45, . . . .. 7.80+0.36 1.75 24 6.45+0.22 1.10 24
72. . . . . .| 562+0.24 1.11 22 5.661+0.34 1.57 21

Width (mm)

5.. . ... 3.58+0.17 0.84 24 3.5110.11 0.53 25
10. . . . . .1 368+£0.16 0.81 25 3.234+0.15 0.74 25
13...... 3.6510.18 0.91 25 3.31+£0.14 0.68 25
23.. . . . .} 393+0.13 0.89 50 3.511£0.11 0.75 50
45. . . . .. 3.62+0.13 0.63 24 3.43+0.13 0.62 24
72. . . . . .1 3.23%0.12 0.58 23 3.80+0.19 0.90 22

The females evidence no difference in any groups.
Comparison between sexes shows consistently higher values for all
male groups except the oldest.

Width[length index

There is no evident difference between the sexes or between the
age groups in respect of the W/L index (Table 24).

TABLE 24 The mean (£), standard error of the mean (£(Z)) and the standard devia-
tion {0) for the W/L index of the incisive papilla for the var-
ious age groups.

Age group Males Females

(yrs.) Ete(E) o No. Fte () o No.
500 . 0 L. 59.2+3.5 17.1 24 52.6+2.1 10.4 25
10.. . .. .1 50.2+22 11.0 25 51.5%£2.9 14.5 25
3., .. .. 5L1%£2.3 11.3 25 53.2+2.9 14.6 25
23.. . . . .1 534113 9.4 50 48.6+1.5 10.9 50
45. . . . . 48.2+2.1 10.1 24 53.8+ 1.9 9.2 24
7200 0 0. 59.2+2.3 10.9 22 71.4+4.9 22.3 21
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TABLE 25 The mean (), standard error of the mean (& (£)) and the standard devia-
tion (0) for the length. width and W/L index for various types
of incisive papilia.

Sh Length (mm) Width (mm) W/L index
ape

P | ste@ o No.| s+e@ o No.| s+els No.
F . 6.92+0.35 1.26 13| 3.70+0.13 048 13 54.6+2.3 13
L . 6.82+0.17 1.11 44| 2.641+0.06 041 44 39.3+1.1 44
O . 590+0.20 1.54 60| 3.26+0.08 0.64 60 575+ 1.7 60
P . 7.23+0.11 1.39 163 | 3.86+0.05 0.69 164 54,7109 163
R . 4.80 41 5.10 4 103.6 4
S . 7.65+0.30 1.09 13| 3.18%+0.12 142 13 42.2%1.9 i3
T . 6.85+0.23 1.49 43 ] 3.7410.11 0.69 43 56.3+1.6 43

F = flame shaped, L=long and narrow. O=oval, P=pear shaped, R =round,
S =spool shaped, T = triangular.

A study was made of the differences between length, width and
W/L index for various types of papilla (Table 25).

The age variations in the length and width are possibly related
to the difference in the frequency of the various forms in the age
groups. Thus, the pear-shaped papilla is by far the commonest in
the four youngest groups, while in the two oldest groups the oval
and pear-shaped papillae are almost equally common.

The differences in the size and shape of the incisive papilla ob-
served in the various age groups and sexes may be due to loss of
teeth. On distributing the papilla widths according to cases with and
without teeth in the oldest female group a significant difference
(n =17 and 5) is obtained for both categories.

For the subjects with teeth the width is 3.42 + 0.09 mm while the
corresponding figures for the edentulous cases are 5.00 = 0.29 mm
(difference 1.58 £ 0.30 mm: ¢ = B.27***),

Foetus group
(Case material and results)
The foetus group consisted of 20 foetuses (8 & and 12 %). They
were obtained from the Caroline Institute in Stockholm and were

stillborn, mostly full term foetuses with total length of 42 to 62
centimetres. As far as could be ascertained they were without visible
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TABLE 26 Foetus group. Mean number of primary, secondary and fragment TABLE 28 Foetus group. Mean direction of rugae (8 3+12 9).

per palatal half (3 =8, 9=12). ary rugqe -
3 Direction No. rugae
Ruga type ¢ 6\+9

L R L R TR L+R & ... .| ~—1023%201 63

. - L+R @ ... -11.15+1.81 93
primany o] MO0 B8 400|375 | gg L Sl DRt | ow

.88 . ight 3+%¢ .. . - - 18.70 % 1.

Fragmentary . . . . . . 1.00 ggg gzg 007 0.73 RI L;gR Z‘+§? AN +0.25/ - 10.75 20/20
025 0.43 R 11 . 375/~ 19.75 20/20
deformities. By reason of the fact that tl i T R ITT 7 ” L5207 20120
be considered as representative of at;‘eley were stillborn they cannot RIV . ~9.08] - 25.40 15/14
population of the ages spe RV ” e +8.25/~19.75 5/2

cified.

Where convenient the study followed the same observation scheme
as the other groups. The length of the ruga was not measured, how
ever. Experience gained from the earlier groups was the basis for

ction was measured as the angle (in degrees) between the ruga and the

The dire
forward and backward inclinations being denoted as positive

pormal 10 the raphe,
and negative, respectively.

ation of the proliferations. The foetal rugae were evaluated
secondary or fragmentary on the basis of a mental com-
1 the rugae of all the other groups. Such a recording

the evalu
as primary,
parison witl
must be to some degree subjective.

TABLE 27 Foetus group. Sh'cx;?es of rugae (number of straight, angular and curved
rugae), site of origin (number of R, M and L) and number of ‘
branched, united, brol;en and papillate rugae.

3 2 . N . .
L R . " Total Per cent For the sake of brevity all the.values are given in tabular form
(Tables 26-29). The number of primary rugae is about four per pala-
Shape of ruga tal half; that is, roughly the same number as in the other groups. The
straight . 9 total number of rugae—primary, secondary and fragmentary—is, pos-
angular. . . . . 5 3 2 1(]) 23 ]2‘6 sibly, lower for this group (the ditference between the foetuses and,
carved . . . . . . .| 26 % 44 ) 150 3;-; for example, the 5 year group = 3.58 + 0.56). This is hardly ascrib-
. . able to differences in procedure, since practically all proliferations,
Origin of ruga . . . .
R irrespective of size, were recorded in the foetus group.
M. e 19 18 28 32 97 62.2
y e e 9 9 14 9 41 26.3 TABLE 29. Foetus group. Shape, length, width and W/L index of incisive papilla.
P 4 4 6 4 18 115
Branched . . . . . . . 3 2 5 5 15 Shape 1) Q g+e
gra‘r:cged, RI,R2.. 2 2 4 5 13 L
nite; ong, narrow . 1 2 3
w_ith common origin 0 1 1 9 4 Pear-shaped . . . . . . . . . . .. 3 7 10
with separate origins . 0 0 0 0 0 Triangular. . . . . . . . . . . . . 2 3 5
Broken 3 0 :
0 0 3
Papillate 3 5 4 5 17 Mean length, width and W/L index.
3 No. Q No.
R =origin in contact with the raphe. Length. . . . ... ... ..... 520 mm 6 4.98 mm 12
M=, ,, medial half of ruga zone. Width . .. ... ......... 228 mm 6 2.35 mm 12
W/ldndex . . . . . . . . .. ... 438 6 48.0 12

L= ,, ,, lateral ,, ,, "
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It is also found that

(1) the distribution between straight, angular and curved rugae is
largely similar to that in the other groups; the angular rugae are,
however, possibly, somewhat fewer and the curved somewhat more
numerous;

(2) the percentage distribution of the origins of the rugae is in
accord with that of the other groups;

(3) the rugae of the left side are more forward inclined than those
on the right;

(4) the branched rugae occur roughly as frequently as in the other
younger groups, and are as often found in the two first pairs;

(5) united and broken rugae are rare;

(6) papillate rugae are fewer than in the other groups;

(7) the incisive papilla is generally pearshaped and shorter and
narrower than in the younger groups.

By way of summarizing it may be said that the foetus group—with
the reservation for the value of the results—accords in the main with
the other age groups.

Longnudinalstudy

Any study of changes due to age is best conducted by making a
series of observations on one subject, covering all relevant periods.
The long period of observation necessary in this procedure involves
greater difficulties than a comparison between different groups of
subjects of different ages. In the present investigation the series study
was made on two study groups, one in which the subjects were ex-
amined at 5 and 10 years of age, and the other in which they were
examined at 12 or 13 years of age and again at adult age. These
Broups are referred to as the younger and older groups.

Study group

The younger group consisted of 38 (20 & + 18 Q) of the 50 children
comprising the group “infantile dentition &” in the Cross-sectional
study. They were subsequently summoned for examination on re-
aching 10 years of age. (These subjects are not included in “infantile
dentition” group b of the Cross-sectional study. Their average ages

89

o Jider grou
Cases Younger group C group
30 t
25
20
)
5 4 -
10 r [ z
5 H
= = coo0
o R R en R om S on <
sggse g8 s8822%88% 252888888
SER W3 P Coddadre T ErEEEEr:
R O TLLIEITT DO
G 23 RENERSRE 855555383
R e gomgddantd R RTE Sl
Xg =5 Xg =102 = o
Years =8 7 52 Xo =102 % 139 X - 33.0
A X 9= 52 X @ = 10.2

inati i younger and
Fi. 25. Age distribution at the first and second examinations in the younge

older groups.

at both studies were 5.2 and 10.2 years. The age distribu‘tion' is given
in Fig. 25.) The mean interval between the two examinations was
5.0 years, with a variation of 4.0 to 6.0 years.

Tzw.e older group comprised 15 subjects, 6 of them (4 E+29) ila(i
received orthodontic treatment while the other 9 (6 & + 3 Q)\ 14(\
not. Of the latter, 7 were included in the 13 year group of the Cross-
sectional study. o

The average ages at the both examinations were 13.2 and 3362
years. The age distribution is given in Fig. 25. The interval betv:;m
the first and second examination was on an average 19.7 years

a range of 14.0 to 50.4 years.
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Tin 20 Changes in length of the primary vugae hetween the first and second
examinations. Number of wugae: bovs 160, girls 151
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Results: The younger group
1. CHANGES OF THE LENGTH AND NUMBER OF RUG AE |

In a comparison between the tirst and second examinations of all
primary rugae recorded at one or both examinations (160 in boys,
151 in girls) it was found that the average increases in length were,
respectively, 1.09 + 0.08 and 081 + 0.06 mm—that is, 11 and 9 per
cent of the original values. The increase for boys is probably some-
what larger than for the girls (t — 2.80**%). The changes in length
are given in Fig. 26 and the absolute values for all rugae at the second
examination in Fig. 27,

Evidently, although there are changes in length of pmctmaily all
rtugae, they are rarely the cause of a change from one ruga group
to another. ‘

uch qualitative changes are given in Table 30 which is divided

: the Birst part containing such rugae as do not change
gmmp, tlm second and the third containing rugae that increased or

4 PRIMARY RUGAE.
E3 SECONDARY RUEAE
M FRAGMENTARY RUGAE

5 4 156 7 mm

F16. 27. Younger group: length of all rugae at second examination,

decreased in length and thus fell into another ruga group (for in-
stance from secondary to primary rugae). Such changes are rather
uncommon (58 rugae of 528) and they are more frequently due to
an increase than a decrease in length (41 against 17).

2. THE SHAPE AND ORIGINS OF THE PRIMARY RUGAE
The observations refer to such primary rugae as were recorded at

_one or both examinations (see Table 31),

‘The recorded changes are small and of roughly the same magnitude
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TABLE 30 Younger group. Qualitative changes in the rugae between the first and
second examination (20 3+ 18 Q).

No change in |Change in type through{Change in type through
type increase in length decrease in length

First examination | Prim. Sec. Frag.|Sec. Frag. Frag. - |Prim.Prim.Sec. Frag.
Sec. examination | Prim. Sec. Frag. | Prim. Prim. Sec. Frag. | Sec. Frag. Frag. -

Males. . . . .| 154 71 32 3 0 14 5 2 1 4 3
Females . . . .1 143 34 36 7 0 7 5 1 4] 4 2

A horizontal dash (~) indicates that the proliferation was not recorded as it was
less than 2 mm in length on the occasion of that examination.

as the error of the method (4 and 1 deviations in 204 rugae). It is
therefore possible that the changes are ascribable to the method.
"The changes in the origin are somewhat larger than the error of the
method.

3. DIRECTION OF PRIMARY RUGAE
On an average both boys and girls presented a small increase in

the forward direction of the rugae (347 + 0.60° and 2.37 + 0.61°).

TABLE 31 Younger group. Shape and origin of rugae. Comparisons between the
first and the second examination (20 &+ 18 @).

Shape Origin

Lateral Medial
displacement  displacement

First Angular Curved R M L M
examination
Unchanged Unchanged

) record record

Second - Curved Angular M L M R
examination

Males . . . 155 3 2 156 i 1 0 2
Females . . 143 3 5 145 2 i 3 0

R=origin in contact with the raphe
M=, ,, medial half of ruga zone
Lm’ 33 k2l latﬁral » 33 k] 33

The comparisons comprise all primary rugae recorded at one or both examina-
tions.
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TABLE 32 Younger group. The mean (&), standard error of the mean {(¢(f)) and
the standard deviation (0) for changes in direction of RI-IV
between first and second examination (20 3).

Left Right
Ruga
Fte(F) o Z+e(d) o
... ... ... +L35ELIl 4.97 —0.20+ 1.61 7.19
Im. ... .. ... +5.35+1.31 5.87 +3.384 1.34 5.98
oHr. . .. . . . . .1 +448+1.72 7.69 +5.084 1.49 6.65
v ... 00 +1.94+1.77 7.08 +6.55+3.07 10.20

The increase for the boys was also distributed on the various
rugae. The tendency appears in all rugae except the first (Table 52).

The measurement of the rugae was performed on the casts placed
in a symmetrograph (p. 30) where they were oriented according to
the incisal edge of the upper left central incisor and the mesiolingual
cusp of the first permanent molars (deciduous dentition second de-
ciduous molars).

It would have been desirable if in these comparisons the same
point of orientation could have been used in the first and second
examinations, but on account of the loss of teeth this was frequently
impossible. This applies to both the anterior and the posterior points
of orientation. The posterior points were, in the first examination,
the upper second deciduous molars and, in the second examination,
the first molars. This introduced a source of error the magnitude
of which was studied in the cases in the male group (12 of 20) where
it was possible to orient the cast in relation to the second deciduous
molars and the first molars. In 8 cases the positioning was the same
and in the 4 others, representing 34 rugae, the different adjustments
introduced a mean angular change of +0.66°.

In the same way the transition from the short and occasionally
much abraded deciduous incisors to the longer permanent incisors
might be considered to result in an apparent increase in the forward
inclination of the rugae.

The magnitude of this change is revealed only in cases where the
same orientation points (the second deciduous molars and one de-
ciduous canine, for instance) could be employed at both recordings.
This was effected in 7 cases. It was then found that in 6 of them the
permanent incisors had reached 0-1 mm higher than the deciduous
incisors, and in the seventh case 2 mm.
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A study of the importance of the change in position in relation
to the setting of the incisors was made; 5 casts were measured with
a total of 40 rugae in two settings, (a) with the orientation in a hori-
zontal plane, and (b) with the anterior reference point 2 mm below
this level. The latter setting gave a mean increase in the forward
inclination of the rugae of 1.16°.

It is thus possible that certain parts of the observed increase in
forward inclination in the younger group is in accord with changes
in orientation. This would not be sutficient, however, to explain the
whole increase, for which reason it must be assumed to be at least
partly real. (The increase in the older group points in the same
direction when the orientation points are the same for both observa-
tions, see below.)

4 BRANCHED, UNITED AND BROKEN RUGAE

A comparison between the results from the first and second ex-
aminations shows complete agreement in respect of the branched (80)
and united (5) rugae, while there was one deviation among the
broken rugae (6 against 7). The break was found only at the second
examination.

5. PAPILLATE RUGAE

There is a large difference between the first and second examina-
tions. The number of papillate rugae appears to increase for both
sexes (Table 33).

6. UNCOMMON DETAILS

All the uncommon details were observed equally in boys and girls
(9 and 6 details) on both examinations.

TABLE 33 Younger group. Papillate rugae. Comparisons between first and second
examination (20 3 +18 Q).

First examination Pap. e Pap.
Second examination Pap. Pap. e
Males . . . . .. ... ..., 43 16 7
Females . . . . . . . .. ..., 40 20 5

A dash (-) indicates that the ruga was not recorded as papillate at that exami-
nation,
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TABLE 34. Younger group. Posterior limit of ruga zone in relation to the teeth.
Comparisons between the first and second examination. The
numbers relate to palatal halves.

Primary (0) All rugae
3 ? 3 ?
Unchanged recording . . . . . . . . 9 9 10 9
Displacement to
posterior tooth zone . . . . . . . 16 16 16 12
beyond posterior tooth zone . . . . 2 2 1 6
Displacement to
anterior tooth zone . . . , . . | 1 - - -
beyond anterior tooth zone . . . . - - - -

7. THE POSTERIOR LIMIT OF THE RUGA ZO NE

There seems generally to be a backward displacement of the
posterior limit of the ruga zone for both sexes; this applies to the
posterior limit of primary (O) rugae and of all rugae (Table 34).

Measurements were made to find whether this was due to an in-
crease in the antero-posterior dimension of the ruga zone. Easily
identifiable reference points were chosen in each case on the primary
rugae at the anterior and posterior limits, and both medially and
laterally. It was established that there was such an increase and that
for the boys and girls (number of palatal halves = 38 and 28 resp.)
was medially 1.13 + 0.14 and 1.81 + 0.18 mm, while the correspond-
ing lateral figures were 0.58 + 0.18 and 0.98 + 0.18 mm. (The num-
ber of palatal halves was 40 and $6, respectively.) This may have
been due to an increase in width of the rugae or in the distance be-
tween them, or to a combination of these factors,

Measurement of the increase in width was difficult because the
changes were small and the easily identifiable points generally con-
sisted of notches where it was difficult to perform a measurement
of the width. It is not known, moreover, whether the increase in
width for this point is representative of the increase in width of the
whole ruga.

The distance between the rugae was measured and an average
increase of somewhat less than one half a millimetre was found (for
boys and girls the increases for 68 and 89 such distances were, re-
spectively, 0.42 + 0.07 and 0.26 + 0.06 mm). The reference points
used were easily identifiable medial points on the posterior edge of
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TABLE 35 Younger group. Shape of incisive papilla. Comparisons between the first
and second examination (20 3 +18 Q).

First examination Unchanged S L O F
Second examination recording T S P T
Males . . . . . . . . 18 - - I 1
Females . . . . . . . 16 1 1 - -

F=flame shaped, L=long and narrow, O=oval, P=pear shaped, 5= spool
shaped, T = triangular.

one ruga and on the anterior edge of the next ruga back, the points
being chosen as far as possible so that the distance was measured on
a line parallel to the palatine raphe. In 30 cases the measurements
were not made between numerically adjacent rugae since one of the
rugae had its origin some distance laterally. It was then omitted and
the measurement made to the next but one ruga. Had this not been
done comparisons would in some instances have applied equally to
changes in a lateral and in an antero-posterior direction.

In connection with the study of these changes a number of measure-
ments of the palatal width and height were made by the procedure
already described. If the reference points on the first and second
deciduous molars and on the first and second premolars in the mixed
dentition may be considered as analogous in the two dentitions, an
increase in both width and height of the palate may be considered
as established. The increase in width at the first and second premolars
was about 2 and 1.5 mm and the increase in height at the second
premolars about 1.5 mm (for 19, 28 and 25 subjects).

A corresponding increase was found in respect of the lateral extent;
for the girls it was over 1 mm (+1.837 + 0.13 mm) and for the boys
over 2 mm (+2.26 + 0.15> mm), measured as an increase in the
distance between the terminations (n = 67 and 70). The terminal
distance—No. 17 in the chart (p. 28)—is that between the termina-
tions of numerically corresponding rugae on the right and left side.

8. INCISIVE PAPILLA
Shape

In 4 of the 38 subjects there were changes in the shape of the in-
cisive papilla (Table 35) the frequency of which was roughly the
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TABLE 36 Younger group. Mean (&), standard error of the mean (& (%)) and standard
deviation (0) for changes in length, width and W/L index of
the incisive papilla, expressed as an increase or decrease in the
vajues at the first examination.

No. £+ e () o

. 3 19 + 0.65%0.22 0.97
Change in length (mm) 9 18 + 0.2740.19 0.80
N 3 19 - 0.29+0.13 0.56
Change in width (mm) 9 18— 0.14+012 049
19 -10.7 *£3.0 13.1
Change in W/L index . g 18 ~ 43 ;2 | 91

same as the recording error (3 subjects of 24). In at least 2 of the 4
cases however the changes were probably real and not a consequence
of the method. In one case the incisors were missing at the first ex-
amination.

Length and width

There was a change in length of the papilla for both boys and
girls—statistically significant in the former case. No definite change
in width was found, although there may have been some decrease.
The changes are more clearly apparent from the W/L index

~ Wxioo0
-2
the width giving a lower index value (Table 36).

)a numerical increase in the length and a reduction in

Results: The older group

As this group is small (n = 15) no sex distribution has been made.
In most estimates a division into groups having received orthodontic
treatment (OT) and others (NOT) was made.

1. CHANGES IN THE NUMBER AND LENGTH OF THE RUGAE

Alterations in the length such that the ruga changes class are as
frequent here as in the younger group—18 rugae of 203 (9 per cent)
(Table 37). The dimensional change of the individual ruga is dif-
ferent for the two groups (OT and NOT). The mean increase for

7 — 557731 Lysell
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TABLE 37 Older group. Qualitative changes in the rugae between the first and
second examination (15 subjects).

No change in [Change in type through Change in type through
type increase in length decrease in length
Ist examination | Prim. Sec. Frag.| Sec. Frag. - Prim.  Sec. Frag.
2nd examination | Prim. Sec. Frag. | Prim.  Sec. Frag. | Sec. Frag. -
No orthodontic
treatment . .| 77 31 9 0 7 2 0 2 1
Orthodontic
treatment . .| 43 18 7 1 4 0 0 0 1

A horizontal dash () indicates that the proliferation was not recorded as it was
less than 2 mm in length on the occasion of that examination.

the latter is 0.8%8 + 0.10 mm (n = 77) while for the former there is
no appreciable change (- 0.01 + 0.24 mm; n = 44).

The increase in length may have had some connection with a
larger growth of the jaw for the NOT cases, but the smallness of the
group renders comparison difficult. For these cases there is a mean
increase in the palatal height at the first molar by 3.3 mm n=17)
while the corresponding figure for the OT cases is 1.6 mm (n = 6).
The change in width at the first and second premolar and the first
molar is for the NOT group +1.04, 41.27, and +0.67 mm while
the corresponding figures for the OT cases are +0.87, —0.60 and
— 1.56. The case series is too small for any definite conclusions; among
the NOT cases there is a reduction of the width in only one of the
20 recorded, while the corresponding figure in the other group is
7 of 15. (An explanation of this difference may be that there had
been a lateral expansion in the OT cases at the time of the first
examination; the occurrence of some relapse would then result in a
lower value at the second examination.)

2. SHAPE AND ORIGIN OF THE PRIMARY RUG AE
The changes are not great (10 and 6 per cent, resp.) although
larger than in the younger group; the majority of the differences
in the shape of the rugae are probably unassociated with the re-
cording error. This is true mainly of those subjects where a ruga

was recorded at one examination as curved and at the other as
angular (Table 38, Fig. 28).
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TABLE 38 Older group. Shape and origin of rugae. Cont:pqrisons between the first
and the second examinations (15 subjects).

Shape Origin
Lateral Medial
displacement displacement
inati i 1 M L M
st examination unchanged straight curved curved angular unchanged
d
d . recor
2nd examination reeor curved straight angular curved M L M R
No orthodontic i | ) 1 )
treatment . 70 2 0 71
Orthodontic . | . .
treatment . 39 0 1 43

R = origin in contact with the raphe
M= ,, ,, medial half of ruga zone

L= 33 33 lateral bR g 3 1y 2
The comparisons comprise all primary rugae recorded at one or both examina-

tions.

3. DIRECTION OF PRIMARY RUGAE

Seen as a whole, the group evidences a small increase in the for-
ward inclination between the two examinations. .For the NOT
subjects it is significant (+3.37 & 0.67°; n = 77) owhlle for the OT
subjects the change is less definite (+1.88 + 1.17°; n = 43).

4. BRANCHED, UNITED AND BROKEN RUGAE

On the first and second examinations the same numbers were
recorded (18, 4 and 4 for both NOT and OT together).

F16. 28. The change in shape between the first and second examination. Observe
R I left (on right of photo) changing from curved to angular.
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TABLE 39 Older group. Papillate rugae. Comparisons between first and second
examinations (15 subjects).

First examination Pap. Pap. —
Second examination Pap. — Pap.
No orthodontic treatment . . . . . . 16 1 6
Orthodontic treatment . . . , . . | 12 3 4

5. PAPILLATE RUGAE

There is a relatively large difference between the first and second
examination, but no definite trend is evident (Table 39).

6. UNCOMMON DETAILS

Among the NOT cases there were 5 uncommon details at both
examinations {(in 8 cases minor branches, in 2 connection between

primary and secondary rugae). Among the OT cases such details were
not recorded at either examination.

7. THE POSTERIOR LIMIT OF THE RUGA ZONE IN RELATION
TO THE TEETH
In roughly one half of the palatal halves the posterior limit at
the second examination extended further back in relation to the

TABLE 40 Older group. Posterior limit of ruga zone in relation to the teeth. Com-
parisons between the first and second examinations. The num-
bers relate to palata! halves.

Primary (O) All rugae
No orthod. Orthod. |No orthod. Orthod.
treatm. treatm. treatm. treatm.
Unchanged recording . . . . . 6 1 5 3
Displacement to
posterior tooth zone . . . . | 5 4 5 3
beyond posterior tooth zone. . 3 0 3 0
Displacement to
anterior tooth zone , . . . . 0 0 0 0
beyond anterior toth zone , . . 0 i* 0 0

* The last primary was judged
once as primary (0)
once as primary (x)
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FIG. 20. Change in positional relationship between rugae and the tecth, from the
age of 3 to 10 years.

dental arch (Table 40). This may have been due to (a? an ébsol.ute
increase in the area of the zone in its antero-posterior direction,
(b) a change in the relationship of the teeth to the palate or (c)ha
combination of (a) and (b). The measurement of t'he extent ot the
rugae showed for 15 subjects a mean increase medlauy .of 1.45 gm?;
(variation +0.4 to +3.1) and laterally 0.87 mm (V?.lrlatlon - 0. o
+3.0), reckoned as the mean for the left and rlght sides. The lenlgne
of the arch (measured as the perpendicular distance from the h

15,
Snbean -
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TABLE 41 Older
group. Shape of incisive i i
papilla. Compari
second examination (14 subiec:s). fons between the firsc and

First examinati
o : o‘n Unchax}gcd L L ) T
econd . examination recording (@) P
P P
No orthodontic treatment 7 1
Orthodontic treatment 2 1 (l) H l
1 0

The papilla could not be observed in the fifteenth subject

L =lon, =
g and narrow, 0 =oval, P=pear shaped, S=spool shaped, T = triangular

joinin i

_:O theg n:l:le df:epest po.lnts of the central fossae on the first molars
ncisors ;hgomdt ‘of a line between the mesial corners of the central

wed i mean reduction of 1.5
.5 mm for the 9 subj
. . ! subjects where
hange iﬁ)r;ians{m was possible. It is thus not unlikely that the
relationship of the dent
al arch to the i imi
oF it ruga was.d posterior limit
ue to a shortening of th h i
oL e e e arch and an increase in
fhe s atz egte?lt‘ of the rugae. The study group is, however, too
e s y definite conclusions. By way of comparison it may be
10 i i i
movem:et ti;at Friel (1949), in serial abservations, observed a fonZard
i OnthoT;ile teeth in relation to the rugae in connection with
weh. . .
2 Oirservat‘ is was cor.xflrmed by the present author in a series of
ions on a subject between the ages 3-10 years (Fig. 29)

8. THE INCISIVE PAPILLA
Shape

In(it:a;;g:: ;vzf:;) common (5 of 14 cases) especially in the OT group.
s o Thjec;s the change.s in shape were real and not due to
long and m.lrm ‘: 1;s‘t observation showed all three papillae to be
ong g o W ile at.the second examination it was oval in 2

pear-shaped in the third. Comparisons cover only 14 cases; in

Width/length index

. };f:; &ix;dbth of the incisive papilla appeared to have increased for
‘ 14 subjects (+0.64 £+ 0.18 mm). No definite change in length
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was observed (40.09 £ 0.21 mm). The index shows an increase of
9.0 + 3.1.
The changes observed in the rugae during post-natal development

may be summarized as follows.

Summary
Cross-sectional study

1. The number of rugae is largely unchanged up to the age of
28 years. Thereafter they appear to decrease.

9. Curved rugae are the commonest in all groups, while straight
ones are rare. One third of the rugae are angular except in the oldest
group where this type occurs once in eight.

3. The origin of the rugae is in 60 to 70 per cent in contact with
the palatine raphe, in 20 to 30 per cent within the medial halves of
the ruga zone and in less than 10 per cent in the lateral. This distribu-
tion appears to be without age variation.

4. The backward inclination of the rugae is more marked on the
right than the left, the angle increasing from the first to at least the
third ruga. The increase itself is more pronounced on the right than
left side. The angle appears to decrease with age, especially on the
right.

5. Branching is rather uncommon and is found mainly in R1
and R II. There is no definite age variation although ramifications
are probably less common in the oldest groups.

6. Unions of rugae are not common. Where connection is observed
it is mainly between the first and second.

7. Broken rugae are extremely uncomrmon, and it is therefore dit-
ficult to compare the age groups in this respect. They appear mostly

around the R III and RIV.

8. Papillate rugae constitute one third or one quarter of the total
in the younger groups, while in the two oldest groups they are far
less common. The males present somewhat higher values than females

generally the R III and R IV that are papillate.

in all groups. It is
ungest

9. The posterior limit of the whole ruga zone in the yo

group was, on an average, level with the mesial zone of the second

deciduous molar. A tendency for the limit to move backwards with
age is observable—up to 20 years. For the 23 year group and for the
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two oldest groups the rug:
st groups rugae generally reach the mesial ;
' ; sial
first molar. rone of the
I‘he same‘ tendency, but less marked, is found for the limit of the
ordinary primary rugae.
, 10. I1 I‘le mewsive papilla in the younger groups is commonly pear-
$ ;?pecl, in the two oldest groups this shape and the oval occur equally
often. hes 9s | i : ,
otten. In these groups but not in the four youngest the round papill
is found. V e
} $ [y p ‘e M
. t:{ length for males is lower in the youngest and oldest groups
or g 5 SF 4 . s ) '
- emales fthe, 23 year group presents higher values than the others
respect of width there appear ¢ ini :
. re to be no defin iations f
epopect 1te age variations for
The males in the : i
o :}nales}mfthe {2‘% year group have signilicantly higher width
s than the females, while the contrary j 1
, ary is as
oroum y is the case in the oldest
1. oet oup. The fi
- frhe foetus group. The figures are largely in agreement with
rd's:_‘ or the ()t'her groups but the results should be ascribed only
ative value since the group is smaller than the others (n = 20)

and y antitati 2
1o quantitative measurement of the ruga length was performed

Longitudinal study
YOUNGER GrROUP.—The first :
: . , and second observations w.
the ages of 5 and 10 years. ‘ ere made a
. Qual;tatwe differences in length that involve change from one class
3 4{1 e . - 3 - 4 - : \
' .n?t her (from secondary to primary rugae, for instance) were found
m some 10 per cent of the subjects (58 of 528).
: The‘ quantitative changes in length of the primary rugae amount
O yln ] = 2 g . - 2 )
No(d ;r‘]c‘rease of 11 and 9 per cent, respectively, for boys and girls
N § IIHI.(’: changes are observed in shape and origin of the rugae
e dir 3 - '
ghe hectlon of the rugae appear to become somewhat more forward
; oth boys (3.47 + 0.60°} and girls (2.37 4 0.61°)
ranched and wunited ru n '
e gae show no change; nei
common details, o neither do the wn

Broken rugae pres
en rugae present only on iati i
o I y one deviation between the two examina-
The posterior limi i
e posterior limit of the ruga zone in relation to the teeth shows
: ,ex:( (;;uy to recede to the next tooth zone posteriorly. In roughly
o ca m}\ of the palatal halves the limit moves back in relation to the
seth. Moreover there « :
1. Moreover, there seems to be an absolute increase also in the
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antero-posterior extent of the zone and, similarly, for the distance
between the rugae.

The length of the incisive papilla increases at least for boys and
it is possible that the width is reduced for both sexes.

orLpErR GRoup.—The group was composed of subjects who had
already received orthodontic treatment (the OT subjects) and those
who had received no such treatment (the NOT subjects). They
numbered 6 and 9 respectively. The mean ages at the first and
second examinations were 13.2 and 38.0 years; the mean interval
between the first and second observation 19.7 years.

Qualitative changes in length that resulted in change of class (from
secondary to primary ruga, for instance) occur in 18 rugae of 203
(9 per cent).

The quantitative changes appear to differ for the OT and NOT
subjects. In the former no increase in growth could be observed
(-0.01 £ 0.24 mm) while for the latter the increase was 0.83 -+ 0.10
mm. This difference between the two groups is possibly associated
with the changes in palatal width. The NOT subjects show higher
values on the second than the first examination, while this factor
varies in the OT group, possibly because several of them had at the
time for the first examination undergone orthodontic treatment in-
volving lateral expansion, which then decreased to some extent—
through relapse.

The changes in the shape and origin of the rugae are of the same
order of magnitude as the recording error. Some changes between
the curved and angular rugae are so marked, however, that they
could not be ascribed to the recording procedure. The direction of
the rugae in the NOT cases shows little increase in the forward
direction, while for the OT subjects the change is less definite.

For branched, united and broken rugae and uncommon detatls
there is no change between the two examinations.

Papillate rugae show large ditferences between the two examina-
tions but with no definite trend.

In roughly one half of the palatal halves the posterior limit of
the ruga zone is further back in the second than in the first examina-
tion.

The shape of the incisive papilla shows large changes between the
two investigations. Its length, width and W/L index increase from

the first to the second examination.
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Discussion of certain changes in the rugae and incisive papilla

The differences observed between the groups in the cross-sectional
and longitudinal studies are to some extent random but there are
probably systematic differences also. Up to adult age these are
probably associated with the growth of the jaw. At higher ages the
systematic differences are still more pronounced; the rugae are then
less distinct and some of the posterior ones have disappeared.

‘The changes in the direction of the rugae and in the shape of the
incisive papilla are probably ascribable to special causes.

There is a tendency for the backward direction of the rugae to
decrease with age. At the same time there is a forward displacement
of the teeth in relation to the rugae. It is uncertain whether these
are true or apparent changes.

The angle between the occlusal plane and the palatal vault changes
with growth. Bjork (1947) found a decrease of about 3° in the angle
between the plane of occlusion and the line joining the spina nasalis
anterior and the spina nasalis posterior between the ages of 12 and
20 years (11.66 + 0.21° and 8.76 + 0.24°).

In the present study the use of the plane of occlusion as the plane
of orientation gave a change in the direction of viewing and projec-
tion such that a ruga inclined backward would be still more oblique,
with the result that the real change in direction would be greater
than that recorded.

A constant direction of viewing is of importance in judging the
posterior limit of the rugae. Here too it acts in the opposite sense to
the recorded changes, which should thus be actually greater than the
values indicate. |

It is therefore not unlikely that the change in the direction of the
ruga is real. 7

In the younger groups this, as other changes, may be ascribed to
the active growth of the jaws. The measurements of the palatal width
performed between the same points show that the values increased
during the years of growth (Olow, 1954; et al.). Moreover, the teeth
move forward in relation to the rugae during growth. To ascertain
the magnitude of this change a study was made of subjects of the
younger group of whom the second deciduous molars remained at
the second examination. With the casts mounted in the symmetro-
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graph the same easily identifiable points were marked in the dental
arch and the ruga pattern on both casts. The distances were measured
and in all cases (13 palatal halves in 9 subjects) the teeth were found
to have shifted forward in relation to the rugae. The mean change
was 2.1 mm (variation 1.1-4.2 mm).

The changes in the absolute increase in width of the palate and
the forward movement of the teeth in relation to the rugae result
in a ruga being in a wider, and therefore shallower, part of the
palate than originally. Such a flattening of the ruga foundation would
mean that in the horizontal projection the origins and terminations
are further apart than before. If the points are not moved in an
antero-posterior direction there would be a reduction in the back-
ward inclination of a ruga (most of the rugae are backward inclined).

Another possible explanation for the change in direction is to be
found in the forward movement of the lateral parts of the rugae in
connection with the forward growth of the dental arch in relation
to the rugae.

This is reminiscent of Hausser’s (1950) findings on the movement
of the teeth after extraction in the lateral regions: the lateral parts
of the rugae moved half as far as the teeth, while the medial parts
seemed not to move at all.

A similar effect was observed in the older group where the left first
molar had been extracted, with the result that the premolars had
moved distally in relation to the teeth anterior thereof; as a con-
sequence there was an increase of 1.8 mm (36.7-38.5 mm) in the
distance from the most distal point of the second premolar to the
midpoint of a line between the mesial corners of the central incisors.
The last ruga on the side of extraction increased its backward direc-
tion (from +9.0 to —5.0°) while the other rugae on this side assumed
a more forward inclination (2.5-4.0°). This change may be connected
with the re-shaping of the alveolar process after extraction.

Although it appears that the loss of teeth with subsequent wander-
ing may have a local influence on the direction of the rugae the
changes are probably of little importance to the value for a whole
group.

In 4 NOT cases (39 rugae) with no loss of teeth the increase 1s
2.86°; that is, not greater than the average increase of the group
(cases with missing teeth included), 3.37 £ 0.67°.

It should be pointed out in this connection that a tooth may
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wander either forward or backward in the arch, so that the etfect
in the group as a whole would be diminished.

It is thus conceivable that extractions have a local but no genera)
effect on the direction of the rugae. A large number of extractiong
would decrease the reliability of the results. A study of the 23 year
group shows, however, that extraction of canines, premolars and first
molars—that is, the regions where an extraction would cause the
greatest change in the direction of the rugae—were not frequent.
In the whole group of 100 subjects there are 5 with unilateral and
9 with bilateral loss of one premolar, and 2 subjects with both canines
missing. Three subjects had one and one subject had no first molars,
In the latter case the ruga zone ended mesially of the first molars,
No distal wandering of the second premolars had occurred in this
instance, nor in one case with the unilateral loss of a first molar.

In the older group there is a tendency to a reduction in the height
of the dental arch. Measured from the first molars to the central
incisors the mean reduction is 1.6 mm for 10 cases where comparison
was possible.

This shortening of the dental arch may have been due to interstitial
abrasion and proximal caries followed by a mesial wandering of the
teeth.

The change in shape of the incisive papilla in both younger and
older groups may be connected with changes in the relation between
the papilla and the upper incisors. One case in the younger group
with the deciduous incisors missing had on the first examination a
markedly prominent papilla which, on the second examination, when
the patient had all the permanent incisors, was narrow and very
little raised.

In the older group there are two subjects with anterior crowding
at the first examination and a long narrow papilla. At the second
examination the patients had received orthodontic treatment. The
papilla was then pear-shaped.

It is thus possible that the teeth are to some extent responsible
for the changes of the papilla.

In the oldest female group of the Cross-sectional study there are
8 edentulous cases. In 3 of them the papilla was difficult to distin-
guish. Four of the remaining 5 had a round papilla (which was ob-
served in but one other case in the whole material). The papilla
lengths show no marked values while the widths appear to increase

109

iderably after the loss of incisors. (The. average width for the.tl5
ConSltulous cases was 5.00 + 0.29 mm, while for the 17 cases with
f?eetrlll the figures were $.42 + 0.09 mm. Ditf. 1.58 + 0.30 mm,
ok 2 3 .

t:;,ifn/ if C.Zrtain changes occur in the pattern th.ey are, durm.g g;e
art of the life, so small that the pattern is still recog'mza .e
greaterflt)er long periods. This circumstance may be exploFted in
ff(;l[erliti?ication if a sufficiently detailed and objective system 1s US;C-L
1Fjrther discussion of this is, however, outside the scope of this

paper.



THE IMPORTANCE OF HEREDITARY INFLUENCE
TO THE VARIABILITY OF THE RUGAE

The study of individual differences in the ruga pattern during
various periods of life is closel i i
iou y associated with the stud i
variation. ¥ ol penetie
A Pllot study has been conducted on a group of twins to get an im-
c . o
gfe:}sllon of the ext.ent to which the variations of the characteristics
‘ e rugae and incisive papilla are influenced by hereditary and
internal and external environmental factors
The .chz.xracterxstics for which this study suggested the presence of
a .
fgenet}xc mfluf:nccf were subjected to further examination in respect
of (a) ne.relatxve importance of genetic and non-genetic factors, and
(b) hereditary transmission. ,
hIn.a;idfxtlor; to these specific characteristics attention was given to
the indefinable similarities in i
the ruga pattern in frat
. « » ern
identical twins. ’ ‘ o and
d."l'“illedcz.tsts co(;lstltuting the material for this study were already
ivided into identical and fraternal twi i
twins when receiv
author. e by e

Pilot study

Material and method

. Th(? study group for the preliminary survey of the influence of
e?edlt); on Fhe rugae and the incisive papilla consisted of 50 identical
pairs of twins (20 & & + 30 99) with ages rangi

Pare ) g ging from 7 to 40
fThe' spotting of identical twins had been performed on the basis

o dthexr general §1m11arity, supplemented by the shape of the ears

an'f the colour of the eyes. In all 9 pairs in which a blood test was

performed (factors: A-B-O, M-N, Rh, C-D-E, S and P) confirma-

|
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tion of the correct selection made on the basis of general similarity
was obtained (Lundstrém, 1954).

The subjects were arranged according to sex and age. For most
of the characteristics comparisons were made within pairs and be-
tween pairs. In the latter, twin a of the first pair was compared with
twin a of the second pair, and likewise for the b twins of each pair.
The third and fourth pairs were similarly compared, and so on.

Comparison between the members of each pair gives an expression
of the variation due to non-genetic factors (and the observation error),
while comparison between pairs—that is, between unrelated subjects—
gives an expression of the variation due to both genetic and non-
genetic factors (and the observation error). It should be pointed out
that a larger variation in the latter group than the former might be
ascribed to a greater variation of either hereditary and environmental
influences, as unrelated subjects, besides being genetically ditterent,
also grow up under more varied environment than twins (Dahlberg,
1942).

A larger variation between pairs than between the members of
the pairs is thus not necessarily a direct expression of the greater
influence of heredity in respect of the properties examined. On the
other hand, a similar variation within the two groups would suggest
that for the characteristic in question there is no reason to take into
account any marked genetic variation.

The magnitude of the variation for continuously variable charac-
teristics was calculated by determining the standard deviation for
the differences within and between pairs, according to Dahlberg’s
(1926) formula ¢, = ‘/_—n—, where d is the difference between two
compared subjects and n the number of observed pairs. The standard
error of the standard deviation for the differences was obtained from

the expression e{og) = 703-
Van

The comparisons in respect of the ruga direction relate to the R 1
and R II (the mean for the left and right sides). A comparison of
the third rugae and those posterior thereof would have introduced
a high degree of uncertainty as the members of a twin pair often
have different numbers of rugae and it cannot therefore be known
whether, for instance, the third ruga of one twin is homologous with
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the third ruga of the other. This argument applies in some measyre

to the R 11, while in respect of the R I there can be hard]

Yy any ques-
tion of homology.

For certain characteristics (number, shape, origin, and papillate
rugae) comparison within and between pairs has been iHustrateq
only graphically. Comparisons (except in respect of number) then
pertain to the first three rugae.

It has been maintained that identical twins may sometimes be
mirror images of one another. A comparison between the sides would
then possibly give a misleading result. Comparisons were therefore
performed between the sums of the values for the left and right side.

The occurrence of the rarer branched, united and broken rugae
and uncommon details in both members of a pair was examined.

Results

The variation in the number of primary rugae is approximately
the same within and between pairs; the same applies to the sum of

all recorded rugae. For these values and for shape, origin and papil-
late rugae see Figs. 80-34.

Twin pairs

A

Population pairs
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S 6 7 8 9 10 {2 3 6 7 8 9 10 1 12
5 ] 5 1
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8 11 5le|l2]a2 § 6| 71411
9 1t 1115]|3 9 1 213
10 11311 1 101 1 141 1
H 11 1 2
2 2

F16. 30. Frequency of concomitance of numbers of primary rugae in identical
twin pairs and population pairs.
A = first and B = second member of the pair.
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Twin pairs
p Population pairs
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ical twin pairs and populati i
th the palatine ulation pairs.
A == first and B = second member of the pair. pop ’
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FIG. 34. Frequency of concomit
pairs and population pairs,
A = first and B = second member of the pair.

ance of numbers of papillate rugae in identical twin

Fo s shabe ¢ , oy
e rf the shape of the rugae the comparison was made on the num
2 r 0 - - » - N . ]
: angular rugae; for the ruga origins the number of b
ginning in contact witt s nparisons
" ontact with the raphe was used. In both these comparisons
an . 1ber of i /
md ot ;he number of papillate rugae the variation was much the
in the ¢ ar i
both the compared groups. Accordingly, there is no reason
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TABLE 42 Pilot study on twins. Standard deviation 0, in the direction (in degrees,
mean for left and right palatal halves) of the rugae for differ-
ences within and between pairs.

No. s . .
- Within pairs | No. Between pairs{ 1y
t . ) Difference
p‘gg gyt e (o) pairs 0ot e(0,) enee
Ruga I
8 20 1152+1.82 1 20 12474197 | 0.95+2.68
] 30 9.10+1.17 30  14.8941.92 | 579:£2.25
(t=2.57%)
3+9. 50 10.14+1.01 50 13.96+£1.40 | 3.82+1.73
(t=2.21%)
Ruga IT
3 20 10.65-+1.68 | 20 1543+£2.44 | 478£2.96
(¢=1.61)
Q@ ... . . . . .1 8% 1697£2.19 30 21.13+2.73 | 4.16+3.50
(t=1.19)
49 . . . . . ... 50 14774148 50 19.05:1.91 | 428242
(t=1.77)

to suspect that the variability between subjects is influenced by
heredity.

The direction of the rugae is shown in Table 42. The possibility
of the variability of the first ruga in female twins being intluenced
by heredity could not be excluded, and a closer study was therefore
made.

Of the 50 pairs 39 have branched rugae. In 21 pairs they occur
in only one member of the pair, and the number of branched is then
26, or 1.24 + 0.10 per subject. Among the remaining 18 pairs both
twins have branched rugae, the mean being 1.56 + 0.11 per subject.
It is thus possible, when the number of branches increases, to find
a tendency for them to appear in both members of a pair simulta-
neously (t = 2.13%).

United rugae occur in 15 subjects (18 united rugae) and on no
occasion in both twins of a set.

Broken rugae occur in 14 subjects (15 rugae). In 2 pairs both mem-
bers have one broken ruga.

Uncommon details were observed in 33 persons, who together had
36 (11 instances of union between primary rugae and secondary ()’r
fragmentary rugae, 94 of minor branches, and one instance of a semi-

8% — 557731
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TABLE 43 Pilot study on twins. Standard deviation 0, in length, width (mm) and
W/L index of the incisive papilla for differences within and
between pairs,

No -
7" Within pairs | No. Between pairs .
twin , .
o ;rs Goteloy) | pairs Gyt e () Difference
Length
d .. ... ... 18 0851014 18 1.69+0.28 | 0.84+0.31
(t=2.71*)
Q... .. ... 28 0971013 27 2.26+0.31 | 1.294+0.34
(t=3.79%*%)
S+Q . . .. . . . . 46 092:10.10 45 2.05+0.22 | 1.13+£0.24
(£==4.71% %)
Width
A .. . . . .. .1 18 0634011 18 1.03+0.17 | 0.40+0.20
_ (t=2.00)
Q... . . . . .1 28 0531007 27 0.89+0.12 | 0.36+0.14
{t=2.57%)
g+ .. 46 0.57+0.06 45 0.95+0.10 | 0.38+0.12
(t=3.17%%)
W/L index
& 18 4.74+0.79 18 13.8242.30 | 9.081+2.43
{£=3.74%%%)
Q@ ... . ...l o28  9l1il22 27  14.19+1.93 | 5.08+£2.28
(t=2.23%)
2+2. . .. . . .. 4 7704080 45 14.04+1.48 | 6.34+1.68
(£=3.77%%%)

circular termination to a ruga). In 7 pairs the same detail was ob-
served in both members (6 times a minor branch, and once a union
of a primary and a secondary ruga).

The shape of the incisive papilla. In 24 of the 50 pairs both twins
had papillae of the same shape, while comparison between pairs
showed agreement in 14 cases. In 4 pairs comparison was not possible
because the incisive papilla could not be observed in one or both
members of the pair,

The values for the length and width of the incisive papilla and
W/L index suggest a possible genetic influence. The case series is,
however, so small that statistically significant values were obtained
for the male and female groups combined but not always for them
separately (Table 43).
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To summarize, no hereditary influence could be traced in respect
of the number of rugae, or the various characteristics of the single
primary rugae, with the possible exception of direction. It was found,
on the other hand, that there might be a hereditary influence in
respect of the length and width of the incisive papilla, and further
study was thus indicated.

The incisive papilla

A closer study was made of the incisive papilla, attention being
centred on the relationship between genetic and non-genetic factors
and hereditary transmission.

GENETIC AND NON-GENETIC FACTORS

Material

This study was performed in 113 identical and 121 fraternal twin
pairs (40 83 + 73 9Qand 59 & 3 + 62 QQ, respectively). The mean
and the standard error of the mean for the ages were, for (a) identical
pairs: 16.2 & 1.0 years (range 9-40 years) for males and 17.3 £ 0.72
years (range 7-36 years) for females, (b) fraternal pairs: 14.1 4= 0.35
years (range 11-28 years) and 14.4 + 0.34 years (variation 10-23
years).

Method

The magnitude of the variation was determined for the various
characteristics using the above formula (p. 111).

In the calculation of the isolated influence of genetic and non-
genetic factors the standard deviation for the individual member
was used, this being obtained from the s.d. for the differences be-
tween the members of the pairs by dividing by }/ 2. In this manner
the standard deviation becomes comparable with the observation
error and the s. d. for the population.

The standard deviations for genetic and non-genetic factors were
calculated in the following manner. For the identical twins the s. d.
(oy) is due to non-genetic factors and the error of the method (o),
and for the fraternal twins the s.d. (oyp) is due to these two factors
together with the genetic factors. The standard deviation for non-
genetic factors only and genetic only are given by
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JRR—
Y]
Ogen = Vo — Uf‘

Fr . .
om these expressions the ratio between genetic and non-genetic

‘o gen X
factors (0— ) is obtained.
non-gen |/

Results

.dTa.ble 44 shows that the differences in the standard deviation for
i el.’lflcal and fraternal twins in respect of the length, width of the
incisive papilla and W/L index are significant.

TABLE 44 Twin stud iati
y. Standard deviation 0, of i i i
d » intrageminal diff i
width (mm) and W/L index of the incisivel;;::pilllq.erences n fength.

Identical twins Fraternal twins
Sex tI:Iv?n 0,45 (0,) tlx\l?n oyt (o) Difference
pairs pairs
3 40 0.78+0.09 59 1.564+0.14 | 0.78+0.17 mm
Length Q 73 0.79+0.07 62 1.32+0.12 05(;;3?2‘;:31

(t=3.79%*%)
3+24 113 0.79+0.05 121 1.444+0.09 | 0.65+0.10 mm

(t=6.50%%%)
s | 40 055%£006 | 59 0.95+0.09 | 0.40+0.11 mm

y (6= 3.64%*#)
Width ? 73 0.50+0.0¢ | 62  0.82+0.07 | 0.32+0.08 mm
) (t= 4.00%**)
$+9| 113 0524003 | 121  0.89+0.06 | 0.37+0.07 mm

(¢~ 5.20%%%)

s | 0 677+076 | 59 15.02+1.38 | 8.25+1.58

' 7 ‘ {t=5.0%%»
W/L index | ¢ 73 843%0.70 | 62 13.12+1.18 | 4.69+1.37 )

) {t=3.40%n%

$+9| 113 7.88+0.52 | 121  14.08+0.91 | 6.20+ 1.05 )
{t=5.90%%%)

gor the coml?infad male and female groups the ratio between genetic
and non-genetic factors was calculated. For length, width and W/L
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TABLE 45 Comparison between genetic and non-genetic variation {expressed as the
standard deviation) in fength, width (mm) and WL index of
the incisive papilla.

Genetic variation |Non-genetic variation
Ogen
Character No. twin . No. twin 5 Onon-gen
pairs gen pairs non-gen
Length . . . . . . - - 121 0.85 113 0.55 1.6
Width . . . . L 121 0.51 113 0.36 1.4
W/L index. . - . . . - 121 8.36 113 5.41 1.6

and 1.6 were obtained (Table 45). Lund-

index the ratios 1.6, 1.4
4 for this ratio with a larger

strém (1951) obtained a mean of about 1
number of characteristics of the teeth and jaws.

HEREDITARY TRANSMISSION

Material

The case material of this study of hereditary transmission in respect

of the incisive papilla comprised 39 families of parents aged 33 to
54 years (x = 43.7 + 0.6 years) with at least two children (total 92
children, 52 boys and 40 girls aged 7-92 years; x = 13.1 £ 0.3 years).

Method and results

Large variations in respect of length, width and W/L
revealed.

For a correct comparison between
sary that any difference in sex or age for t
should be eliminated by means of a correction factor.

In respect of length and width of the incisive papilla several statis-
tically significant differences could be established between the age
groups to which the subjects were assigned. In respect of the W/L
index the sex and age differences appear to be smaller.

Comparison within families were therefore made only in respect
of this characteristic and as a mean the index value of 50.00 was
taken, this being close to the common mean for all the age groups
in guestion.

For each subject 1
of the index and the mean was found, a positive

index were

members of a family it is neces-
he characteristic in question

n these families the differenice between the value

difference represent:



121

-2.0

120

FAM.NO,
2

D

29

i@

(79

322

39

@ 323 Ej:l

&

0

P
— =
=
H
~
'
o
[—3
2]

® [
524
Yy

&
()

o~
~N

@ 3
i
® 3]
il

B—®
® B e @

)

=y <

506 513
Ao (o)

5]
9
@ r®
5] H3]
Mﬂ
2] HE]

@

326

@3

e

B
® e o

é

<
2]
1

7

)

@)

Fig. 35 a.

d» "o e mHOe

508

Fig. 35 b.

giving width/length index of the incisive papilla.

The figures are differences from the assumed mean 50.00.

Fic, 35. Pedigrees for 40 families
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ing a higher index than the mean and a negative difterence a lower
index. These differences are included in the figure. The whole case
series is represented graphically in Fig. 35.

A study of hereditary transmission is best made on families where
the index values of both parents are similar and preferably show
extreme deviation from the mean. The latter condition is, however,
difficult to realize in so limited a case series.

There are families where all members show negative values—Nos.
9% and 507, for instance—and there are also those where the parents
have both positive values and both children negative—No. 516. In
most cases the positive and negative values would appear to indicate
no definite tendency.

The direction of the rugae

The case series was the same as for the study of the incisive papilla.
The direction was studied in the first two rugae in the same manner
as in the pilot experiment. The magnitude of the variation in identi-
cal and fraternal twins is given in Table 46.

The results are largely in accord with those observed in the pilot
experiment. The values for the female subjects suggest a likely in-
fluence of heredity on the direction of the first rugae. In the males
no such tendency was observed. No ditference in the variability tor
the second rugae was detected between identical and fraternal twins.

The ratio genetic/non-genetic for the whole series (0.72) suggests
that the hereditary influence would not be of the same size as the
non-genetic for the direction of the first ruga. The dissimilarity in
the values between the male and female groups renders the ratio
unreliable, however.

The general similarity of the ruga pattern
IDENTICAL TWINS

The comparisons of genetic factors are all in respect of some
specific characteristic or detail in the ruga pattern. Nilles states,
however, that the hereditary similarities in the pattern should some-
times be evident “at a glance”.

If such similarities exist they would be more easily and reliably
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TABLE 46 Twin study. Standard deviation O of intrageminal difference of the direc-
tion (in degrees, mean for left and right side) of first and second
rugae in identical and fraternal twins.

Identical twins Fraternal twins
No. No. Difference
twin Gyt €(00) twin T, +€(0y)
pairs pairs
Ruga 1
3 42 1053+ 115 58 10.19+0.95
Q .. 74 9.25%0.76 63 13.19:t1.18 3.94+1.40 {t=2.81%%)
a+% 116 9.72+0.64 121 11.85£0.76 2.13+0.98 (t=2.17%)
Ruga 11
3 42 1508+ 1.6 57 13.31+£1.25
Q .. 73 16.39+£1.36 54 15.8711.53
3+ 115 1592+1.05 111 14611098

observed the closer the relationship between the individuals. Figs.
36 & 37 demonstrate the similarities in the ruga patterns of identical
and fraternal twins. o .

This possibility has been tested In this investigation, 1m which ?0
pairs of identical twins were studied. The ruga pattern and the m:
cisive papilla were drawn on the plaster casts in the usual manner;
the casts were then numbered arbitrarily. The teeth were screened
so as not to be of assistance in the test and the casts photographed
with the optical axis and plane of occlusion at right ansles.

The similarity test involved the examination of 20 ml-xed photq
graphs representing 10 identical pairs, the examiner trying to pzu(lrJl
the photographs by inspection. The results were noted and pass€
to the person in possession of the correct matchn?gs. In two tests 30l
and 50 photographs (representing 15 and 25 pairs) were compared
in the same way. The results were noted. After a fortnight the test
was run again with all 100 photographs at once. Tw? weeks latef
the procedure was repeated in respect of the combination of 10, 15
and 25 pairs, after which a further two weeks was allowed to elapse
and the 100 photographed paired a second time. :

In addition to the author 4 persons performed the process ol

esults are given 1n Table 47. A consistently better

airing. The 1 !
- ; the other examiners, the

result was obtained by the author than by :

L . o . o ion.
reason for which may lie in the author’s greater pr actice in estimatl
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FIG. 36. Five pairs of identical twins taken at random. ric. 37. Five pairs of fraternal twins taken at randon.

9 — 557731 Lysell
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TABLE 47 Results of pairing ruga pattern photographs of identical twins,

‘ No. correct pairings ‘
No. pairs ‘ Examiner

L e 10 5
i 13 | s 8 7 8
s . ... ]l 13 1 9 13 5 10 13
... 31 36 12

L1 and L 2 denote the author’s first and second run, respectively,

A scrutiny of the results shows that there is, for all examiners, a
number of “certainties” that are always correctly spotted; the varia-
tion between examiners then depends on the number of pairs with
less evident similarities that can be correctly matched.

SELECTION OF IDENTICAL AND FRATERMAL TWINS

Comparisons between identical pairs showed that the similarities
ascribable to heredit are evident in the general structure of the ruga

pattern to a degree that makes it possible within limits to select

identical pairs from the photographs,

It should then to some extent be possible with the guidance of
the photographs of the ruga pattern and the incisive papilla to decide
whether a given pair of twins is identical or fraternal. ‘

This was further tested by comparing 25 sets of identical pa.xrs
taken at random from among the above and 25 pairs of fraternal
twins of which phamgmphs were made in the same manner as for
the identical pairs. ‘ .

The comparison entailed successive 3udgﬂmem of the pairs, the
numbers being invisible. The results were given directly to the person
with the correct matchings. As the examiner was not permitted to
write down the numbers of pairs already judged, the likelihood of
mental “‘compensation” in the judgement of the last pan‘s was re-

duced.

’fraw:rmi) Two weeks later the ligures were 44 pairs (23 identical
and 21 fraternal),

the fmt: run 48 c;f 50 pairs were correct (22 identical and 21 ‘
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Summary

1. There was no clear evidence of any hereditary intluence on the
variation in the number of rugae and the various characteristics of
the individual ruga.

2. There is evidence of a certain hereditary influence on the length
and width of the incisive papilla and the W/L index, the mean ratio
genetic/non-genetic being approximately 1.5.

3. No conclusions relating to the hereditary transmission for the
characteristics of the incisive papilla could be drawn from the study.

4, Comparisons of twins suggest that there are in the ruga pattern
general, indefinite similarities due to heredity. .

5. These differences may serve as a guide in distinguishing identical
and fraternal twins.



PATERNITY DETERMINATION

Neither the number nor the details of the primary rugae appeared
to be influenced appreciably by genetic factors. On the other hand
the incisive papilla did present indication of such influence in respect
of length and width, as did the ruga pattern in its general structure,
An examination of the width and length data in families for evidence
of hereditary transmission yielded no results on which conclusions
could be based. A study was then made of whether the similarity in
the general structure of the ruga pattern evidenced in identical twins

_ could be traced between parents and children.

No study of actual hereditary transmission was possible, but only
of greater or smaller similarities between the various subjects.

Such similarities have assumed some practical significance in recent
years. Attempts have been made to apply the rugae—considered from

1950; Klenke, 1951; and others).

larity of pattern in determination of paternity was tested experi-
mentally. This similarity appeared to provide the only remaining
possibility of demonstrating a relationship between persons by means
of the rugae and the incisive papilla.

Material and method

The material for the tests was the same family study group as that
used in the examination of hereditary transmission in respect of the
incisive papilla. ‘ .
Casts of the father, mother and youngest child in each family were
numbered arbitrarily and photographed in the same way a3 the twins.
A there is generally only one child involved in paternity cases only

_ one was considered in this experiment.

various aspects—to anthropologic paternity determination (Nilles,

On the busis of the results of this investigation the value of simi-

?
|
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The mother and child in each family were grouped with the
father of the family and a father from another family taken at
random. This choice was made by giving the families numbers from
1 to 40 in order of registration, From the “first thousand” in a table
of random numbers (Kendall & Smith, 1946) the numbers 1 to 40
were taken in the order in the table and paired with the family
numbers. Thus, the first number obtained from the table gave the
family from which the father should be taken for comparison with
the father of the Family No. 1. The next selected number indicated
the family from which the father should be taken for pairing with
the father of Family No. 2, and so on. The numbers already used
were rejected the next time they appeared, as were the numbers
which coincided with the number of the family with which it should
be paired.

In this way the examiner compared each of the 40 families with
2 man taken at random from the other families and was required to
indicate which of the two men was the more likely to be the father
of the child.

It was not possible to exclude the chance that the family father
was not the bidlogic father. On the other hand, it may be ‘assumed
that in no case was the man taken at random from the other families
the biologic father. In as far as an evident hereditary influence might
exist, combinations of this kind would therefore tend to indicate that
neither of the two fathers may be considered as the probable father.
Since these cases would be rare it is unlikely that they would affect
any conclusions that may derive from experiment,

In order that the examiner should not be able to make use of the
aumbers on the casts of the fathers (as these must occur twice) the
numbers were made invisible.

As it might be presumed a priori that in some cases similarities
between the two possible fathers might render it difficult to point
out only one as the possible father, it was decided that these cases
should be recorded in a group where the examiner expressed no
opinion on the paternity. In this way the results were made less
dependent on chance than if the examiner in each case had been
obliged to make a choice.

In the above comparisons the man considered to be the father

~was pointed out (positive paternity determination), while in another

test the possibility of the man not being the father was considered
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ric. 38. Four families taken at random.
A — fathers B = mothers C = children

(negative paternity determination). This possibility was tested on the
same study group. In one half of the cases the family fathers were
paired with their correct families and in the remaining 20 families
the fathers were paired randomly.

The examiner was given photographs of the ruga pattern of the
mother, child and one man who in only one half of the cases was the
family father, and was required to indicate whether the man could
be excluded from the paternity or not. (It would be expected that
there would be only a few cases where it was possible to exclude the
man as the father.)

131

Results and discussion

In the first examination where the examiner had to choose between
two fathers the correct one was chosen in 22 and the incorrect in
11 cases, while no decision was made in the remaining 7 cases. It is
evident, however, that the results may as well be due to chance as
the selection by the examiner.

In the second experiment the examiner in 3 cases excluded the
family father from paternity, while the “exchange” father was
considered not to be the father in 4 cases. This test shows that it is
probably difficult to exclude a man from paternity with the guidance
of the ruga pattern (only 4 in 40 cases). However, it was also erron-
eous in 3 cases (excluding the possibility of illegitimity).

To summarize, the results of these paternity experiments indicate
that it is impossible to use the ruga pattern alone for determination
of paternity. It is possible, however, that the analysis of the ruga
pattern may be of some assistance in a general anthropologic study
of paternity determination.

To illustrate the difficulty of detecting similarities in the ruga
patterns, four examples from families taken at random are reproduced
in Fig. 38.



GENERAL SUMMARY

(Summaries ave provided at the end of most chapters)

A system of recording the rugae and the incisive papilla is pre-
sented.

The rugae are classified as primary, secondary and fragmentary.
The characteristics considered are: number of all types and, for the
primaries, the shape, direction, branching, union, continuity, papil-
late appearance, position of origin in relation to the palatine raphe,
and the posterior limit of the rugae in relation to the teeth.

The incisive papilla is recorded in respect to shape, length and

. width,

The error of recording was calculated. For one examiner the error
was fairly small for all characteristics. For two examiners it was
roughly the same as for one, except for certain characteristics, the
most divergent being the shape of the rugae and the incisive papilla.

The variability of the ruga pattern was studied in adults. In respect
of certain essential characteristics such as the number of rugae and
the size of the incisive papilla the results largely accord with those
of other workers. It has been assumed that the numbers of rugae
reported by other authors refer to what in this study has been called
the primary ruga. In many respects comparisons are difficult or im-
possible to make on account of the lack of definitions.

Studies of the ruga pattern in various age groups and serial observa-
tions of a single subject show that in general the rugae are unchanged
throughout life, although this is not true for each detail. There are
evident changes in some characteristics during growth of the jaw, and
particularly in connection with atrophic processes in the senile denti-
tion; during growth, for example, the relationship between the rugae
and the teeth tends to alter, the latter moving forwards in relation
to the rugae, while in older subjects the most evident change is a
reduction in the number of rugae.

It should be possible for the rugae to be used for identification in
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spite of the changes in the pattern, provided that a set of satisfactory
definitions could be found which would facilitate search in the ar-
chives. To some extent mistakes might be avoided with the aid of
photographs, but the system would still tend to be cumbersome. It
seems doubtful, however, whether the ruga pattern can provide a
suitable basis for identification, even if a fool-proof system could
be devised, in virtue of the changes that occur during life. Whatever
the system, it does not approach the finger-print method in reliability
where the basis is a pattern that is unchanged throughout life.

A further disadvantage of the rugae for this purpose is the com-
plicated technique involved.

There are certain cases where the finger-prints cannot be used but
where the rugae can—as in fires, where the body has been burned—,
but these are extremely few and it is rare that no other means of
identification exists.

Similarities due to hereditary influence have been studied in twins.
The only ruga characteristic that presented evidence of such an in-
fluence was the direction of the primaries. The length, width and
width/length index of the papilla exhibited a fairly definite in-
fluence, the mean genetic/non-genetic ratio being about 1.5. No
conclusions could be drawn in respect of hereditary transmission for
the papilla, which was studied in a series of families.

Comparison between twins suggest that the ruga pattern presents
certain general, undefinable attributes which might offer guidance
in determination of identical and fraternal twins.

Theoretical tests on the lines of legal paternity cases provided no
evidence that the ruga pattern alone is a reliable guide to the deter-
mination of paternity. It is possible, however, that the analysis of
the ruga pattern may be of certain value in a general anthropologic
study of paternity determination.
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