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in the hollows of that bed , the upper bed of limestone now forming 
the roof was deposited. We were able to trace six shale beds in 
Swinsto Cave and in four of them they form the flat roof level of the 
communicating passage which joins up the vertical fissures or fractures . 
'He same thing happens in Yordas Cave, I1'Iarbk Steps Pot, Hard­
rawkin Caves (IS), Rift Pot (Long Kill East Section), Alum and 
Diccan Pots, Rumbling H ole, etc., etc. 

As these shale beds are usually f0111 :d at some important juncture 
in the course of these underground passages it is reasonable to surmise 
tha t they have played an important part in directing the course of 
subterranean flow. It is also reasonab.le to anticipate that whilst 
dislocations were taking place in the carboniferous limestone, similar 
dislocations were happening within the shale beds. Oun; the water 
had entered at the surface, it would I", able to find its way downwards 
step by step to the basement bed:; of the limest one and so to the 
POillb of debouchure in ti le valky::>. Such would be the prima ry 
action, and the second" r), action of corrosion and erosion would then 
take place . In the ca~(' of the latter, except in cutting through the 
shale beds forming the bedding caves as compared with the primary 
act~on due to faultin g, it is very slow and insignificant, for the bedding 
caves are usually very contracted and generally speaking form a very 
small percentage of the total length of the underground passages in 
Craven. 

In many cases the vertical fissure formin g the upper portions of 
the caverns show no water action, whilst , as already stated in the 
ca~c of Rift Pot, there i~ no action by solution traceable in the northern 
section, and even after the "wat er [rom the Long Kin Eaq Cave has 
entered at the south end, the point of entrance being a shale bed 
ISO feet below the surface, the combined chemical and mechanical 
action or cutting back is comparati vely small. 
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Notes on some Human Teeth from a Neolithic 
Burial Cave in Malta 

By E. K. TRATMAN, M.D.S. 

It is now several years since Sir Arthur Keith sent me a collection 
of human teeth from a cave in Malta. The excavator, :Mr. G. G. 
Sinclair, recovered them from a fissure cave, which had been exposed 
by quarrying, near Casal Luca, \Ialta. The cave had been used as 
a burial place in Neolithic times, when burial was by inhumation 
as against cremation in the succeeding Bronze age. The actual date 
must be determined from the archreological remains. 

.-\t the present time there is no genera lly recogn ized method of 
recording the measurements of individual teeth , and this is a handicap 
when comparisons are to be made , especially as fossil material often 
consists very large ly of teeth no longer in their jaws. The investi­
gators of both fossil and recent material need a common basis on which 
to record their measurements so that anyone set of such measure­
ments can be compared with an y other set. In both recent and 
fossil m:ncrial, investigators will encounter tee th showing all degrees 
of wear, so that any svstem of measurements that may be adopted 
mu st avoid the complications introduced by this variation. 

Thus the only possible base line from which measurements can 
be taken is the line of j unction between the enamel of the crown on 
one hand and the cementum of the root on the other; from t his base 
line measurements O'f the crowns and roots can be taken in all specimens 
that are not so far worn as to have lost the whole of their crowns. 

In the premolar and molar teeth , the base line is very nearly at 
a constant distance from the apex of the root round the whole circum­
ference of the tooth .: in the incisor and canines this is not the case, 
for the base line is often markedly contoured. Thus measurements 
taken frOIll the bast' line to the apl'x of tile root on the labial and 
palatal and lingual surfacl'~ will difier from those taken from the 
mesiaP and dis tall surfaces . 

.I As some confus ion may arise, through a diffe rence in t erminology, over the 
terms mesia.l a nd distal, it will be a s well to describe these te rm s as t hey 
a re used th roughout t his p aper. The mesial surface of a tooth is t ha t 
surface adj oini ng , and norm ally in actu a l contac t with, th e tooth next 
in the series towards the front of the m outh; the distal surface is th a t 
ad joining , a nd norm ally in actu al con tact with, th e tooth next in seri es 
towards t he back of the mouth. Thus the dis tal surface of the tooth 
in front ad joins th e -mesial sur face of the tooth behind. Th is is the usual 
den tal usage . 

http:reasonab.le
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r\i ,\\ as in the r:1Sl~ of molars and premolars the best way of 
arriving at the root length is to measure from the mid-points of t he 
en'ari1et,cemEmtal junction on the mesial and distal surfaces to the 
apex of the root, in the incisors and cani nes the measurements 
wer(' made from the sallie surfac"~ and not from the labial or palatal 

or lingual surfaces. 
In the first place, t hese t eet h from Tllalta that were e:-.:amined 

were brittle, well mineralized and usuallv had the rUi)b coated with 
a film of rust-red earth which did nl>l appear to Zldhere well to the 
enamel of the Cf()wns, which were usually [rpe of it; the earth would 
often peel off quite readi ly and leave the tooth surface beneath 
clean and smooth. Owi 11g to their brittleness, many of the teeth 
were broken, and this applied particularly to the roots of the upper 
and lower molars; the teeth w('re therefore divided into complete 

and incomplete specimens. 
The ie-dh represent persons of all ages, including many young 

adults and a number of children, as quite a number of deciduous teeth 
were present in the collection and many of the second molars showed 
only slight signs of attrition from use. Other molars, especially the 
firsts, were well worn, but seldom so far as to expose the pulp chamber 
or the secondary dentine that normally hils that cavity. as wear of 
the original dentine proceeds after the enamel has been worn away. 
The measurements taken were all to the nearest half millimetre. 

At the outset of the examination the writer had hoped to find 
some feature or features that would enable him to distinguish without 
fail these prehistoric teeth from those of modern man. Such a Jeature 
or features he could not find, and in order to make certain that he had 
not overlooked them, the teeth were put aside for several years so 
that the writer might have time to enlarge his knowledge of the 
modern types of teeth. In I929 the examination was continued, but 
the writer is compelled to admit that he failed to find any feature 
that would enable him to distinguish readily the Malta teeth [rom 
those oJ the average modern Englishman. 

Abnormalities there certainly were amongst the Malta teeth, 
but these were not constant and fell within the range, which is a very 
wide one, oJ those that may be observed in any similar large, random 
collection of English teeth. So wide are these variations that the 
writer would hesitate to identify even Neanderthal man on the sole 
evidence of one or two teeth, for the feature of taurodon tism can be 
found to exist even in modern dentitions, and may even exist on one 
side of the jaw and not on the other. It is true that the tendency 
to taurodontism is manifested chiefly in the third molars in modern 
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man and occurs but rarely in the first molar, so that if a series of 
hum an molars are found, all showing a strong tenden cy to taurodont­
ism, it might be reasonable to assume the presence of ]\;eZlnd('rlhal 
man , a nd his presence might be definitely asserted if this ('vidence 
were borne ou t by other "factors; here , however, it would be well to 
remember t ha t not all the specimens of undoubted :\'eanderthal lllall 

show thi s special feature of the teeth in a fully developed form.2 
It may be argued that taurodontism in the third moLlr;;; of moclt-rn 

man is the result of the degenerative diminution of the to('Lh leaclill~ 

to the close approximation of the roots and their SubSe'llll'llt fusion 
into one, whereas in Neanderthal man the t aurodontism is tLl' result 
of specialization; on the other hand it In ay equall)' well be ,'rgued 
that this is also a degenerative chan ge . At a ll events it is interesting 
to note that the teet h of Neandert hal man sho\ving the ~T('Gltest 

degree of taurodontism belong to the deposits that can be dated by 
other means as belonging to the later portion of the i'dicldle P aheolithic 
period in western Europe, a time when the reign of this type of man 
was drawing rapidly to a close. 

In the process o[ sorting out the Malta teeth into their individual 
categories certain difficulties were encountered. It was difficult, as 
is always the case in collections of odd i('t'lh, t'J distinguish between 
the lower central and lateral incisors. Upper and lower canines 
when extensively worn proved to be similar. The lower premolars 
at times presented' difficulti(·s of distinction, In the molar region 
the frequent absence of the roots of the teeth made it difficult to 
distinguish between the first and second and between the second and 
third molars, 

The individual teeth were examined and measured as follows :­

UPPEB. CENTRAL INCISORS (Number of teeth measured. 93), 
The following measurements were taken in each case to the 

nearest· half millimetre. 
The length of the root was measured on the mesial surface from 

the junction of the enamel and cementum to the tip of the root; 
this was repeated on the distal surface, In each case these measure­
ments were taken from the lowest point to which the cementum 
reached on these surfaces; the difference between them amounLcd to 
as much as two millimetres in two casE'S and nothing in others, the 
average being 0'5 mm. The average of these measurements is taken 
as the root length. 

The measurements for the crowns were between (I) the mid-points 

2 Keith, Sir Arthur, Antiquity of J!fan, 2nd cd., Vol. I. p. 2[0, Fig. 75. C. 
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Now as in the Clse of molars and premolars the best way of 
arriving at the root length is to mc:')sure from the mid-points of the 
eriameJr:cmental junction on the mesial and distal surLlces to the 
apex of the root, in the incisors and eanine~ the measurements 
were made from the san1(' ~ur£aees Zlllll not from the labial or palatal 

or lingual surfaces_ 
In the first place, these te<,th from ?IalL[ that were examined 

were brittle, well mineralized and usually had the roots coated with 
a film of rust-red earth which did not appear to adhere well to the 
enamel of the crowns, which were usually free of it; the earth 'would 
often peel of1 quite readily and leave the tooth surface beneath 
clean and smooth, Owi,1g to their brittleness, manv of the teeth 
were broken, and this apJ:!liccl particularly to the roots of the upper 
and 100ver molars: the teeth were therefore divided into complete 

and incomplete specimens. 
The teeth represent persons of all ages , including many young 

adults and a numher of children, as quite a number of deciduous teeth 
were present in the collection and manv of the second molars showed 
only slight signs of attrition from use. Other molars, especially the 
firsts, were well worn, but seldom so far as to expose the pulp chamber 
or the secondary dentine that normally fills that cavity. as wear of 
the original dentine proceeds after the enamel has been worn away_ 
The measurements taken 'were all to the nearest half millimetre. 

At the outset of the examination the writer had hoped to find 
some feature or features that would enable him to distinguish without 
fail these prehistoric teeth. from those of modern man, Such a feature 
or features he could not find, and in order to make certain that he had 
not overlooked them, the teeth were put aside for several years so 
that the 'writer might have time to enlarge his kno'wledge of the 
modern types of teeth. In r929 the examination \vas continued, but 
the writer is compelled to admit that he failed to find any feature 
that would enable him to distinguish readily the Malta teeth from 
those of the average modern Englishman. 

Abnormalities there certainly were amongst the Malta teeth, 
but these were not constant and fell within the range, which is a very 
wide one, of those that may be observed in any similar large, random 
collection of English teeth. So wide are these variations that the 
writer would hesitate to identify even Neanderthal man on the sole 
evidence of one or two teeth, for the feature of taurodontism can be 
found to exist even in modern dentitions, and may even exist on one 
side of the jaw and not on the other. It is true that the tendency 
to taurodontism is manifested chiefly in the third molars in modern 
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man and occurs but rare ly in t he nrst molar, so that if a series of 
human molars are found, all showi ng a strong tendency to taurodont­
ism, it might be reasonable to ass ume the presence of Neanderthal 
man, and his presence might be defin itely asserted if this evidence 
were burne out by other -factors; here, however, it would be \vt'! 1 to 
remember that not all the specimens of undoub ted :.Jeandert lJal man 
show this spec ial feature of the tee th in a full y develo ped form.2 

It may be a rgued that taurodontism in the third molars of modern 
man is the resu lt of t he degenerative diminution of the t ooth leading 
to the close approximation of the roots and their subsequent fusion 
into one, whereas in Neandertha l man the taurodon tism is the result 
of specialization; on the other hand it may eq ually well be argned 
that this is al so a degenera tive change_ At all events it is interesting 
to note that the teeth of Neanderthal man showing the greatest 
degree of tauroclontism belong t o the deposits that can be dilted by 
other means as belonging to the later portion of the Middle Palceolithic 
period in western Europe, a time "vhen the reign of this type of man 
was drawing rapidly to a close. 

In the process of sorting out the Malta teeth into their individual 
categories certain difficulties were encountered. It was difficult, as 
is alw,[ ys the case in collections of odd teeth, t, ) distinf(uish between 
the lower central and lateral incisors, Upper and lower canines 
when extensively worn proved to be similar. The lower premolars 
at times presented difficulties of distinction, In the molar region 
the frequent absence of the roots of the teeth made it difficult to 
distinguish between the first and second and between the second and 
third molars, 

The individual teeth were examined and measured as follows :­

UPPER CENTI~AL INCISORS (Number of teeth measured, 93), 
The following measurements were taken in each case to the 

nearest half millimetre, 
The length of the root was measured on the mesial surface 1rom 

the junction of the enamel and cementum to the tip of the root; 
this was repeated on the distal surface, In each case these measure­
ments were taken from the lowest point to which the cementum ~ 

reached on these surfaces; the difference between them amounted to 
as much as two millimetres in two cases and nothing in others, the 
average being 0'5 mm. The average of these measurements is taken 
as the root length, 

The measurements for the crowns were between (r) the mid-points 

2 Keith, Sir Arthur, Antiquity of J/(U/, znd ed., Vol. I, p. ZIO, Fig. 75, C 
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on the mesial and distal surfaces, and (2) the mid-points .on the 
labial and palatal surfaces at the enamel margins; the average of 
these two has been taken as giving the crown factor; this factm' 
multiplied by 100 and divided by the root length gives the index 
for the tooth. 

In three cases the cingulum on the palatine aspect of the crown 
was elevated in the mid-line to form a pronounced tubercle, which 
was accompanied by a groove down the disto-palatal aspect of the 
root and thus showed a tendency towards the formation of two roots . 
In one further example, which, however, had no tubercle, this groove 
was so marked as t o make the tooth partially two-rooted, the second 
root being formed in the manner described by Tomes3 in the case of 
lower premolars. 

There were six examples, or 6"4 per cent, of curved roots suggesting 
the pn:st'nce, in some cases, of alveolar prognathism; in addition 
onl\." 1:11'l) cases of caries 'were present, or a fraction under 2'2 per cent, 
and in b" th the cavity was situated at the cervical margin 0.1 the 
mesial side. 

Une other abnormalit y occurred on the labial surface of a single 
tooth where a deep fissure was presl'nt in the mid-line at the incisal 
edge; this fissure became shallower as it ascended over the labial 
surface and disappeared after covering two-thirds of the labial surface . 

Further , a number of the teeth gave the impression that the 
labial surface of the crown was bent inwards -from the line of the 
axis of the root, as if a natural attempt had been made by this means 
to correct the olubite due, possibly, t o the alveolar prognathism, 
and so to bring the upper incisors into an edge-to-edge contact with 
the lo\-ver incisors. 

UI'PER LATERAL INCISORS (Number of teet h measured, 91). 
The measurements taken for these teeth were the same as those 

taken for the upper central incisors. 
In general the form of these teeth did not differ from those oJ 

modern man .: thert.: was a tendency for the distal angle of the crown 
to be so rounded ofi as to give the tooth rather the appearance of 
a canine, but this is a feature that is of quite common occurrence in 
modern dentitions. It was markedly pronounced in six cases, or 
6·6 per cent. 

There were sixteen cases, or 17'5 per cent, of excessive flattening 
oJ the root , this being very marked in two of the specimens; in all 

3 Tornes, D elltal / l nalo111)' , p. 57.5 and Fig. 287. 
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it was accompanied by a groove along the length of the root, marking 
a tendency towards the formation of two roots, labial and palatal. 

In thirteen cases, or 14'3 per cent, the cingulum was considerably . 
more elevated than is normally the case, thus leaving a deep pit on 
the palatal surface ; this pit was replaced in three specimens by a 
well-marked median tubercle. 

Three teeth showed marked curving of the apical third of the 
root, while two others were almost peg-shaped in form, thereby marking 
a tendency towards the loss of these teeth from these series. 

Dental caries was present in only two specimens, or 2'2 per cent , 
and both cavities were situated at the cervical margin on the distal 
surface . 

In both the central and lateral incisors the nature of the wear 
of the teeth suggests that the bite was normally 'Iverlapping, but 
that in a very considerable number of cases it must have becl! edge 
to edge . It would be interesting to see which bite is the case in any 
articulated ja\.vs that may be recoverable from the deposits. 

Finally one tooth showed an erosion of the root, thus suggesting 
the presence of a chronic absc('~s or possibly a dental cyst. 

UPPER CANINES l.\fumber of leeth measured , 55·) 
The same nleasurements were taken for these teeth as for the 

central incisors. 
In two (,xreptionally massive specimens the root was very flat , 

while t wo other teeth showed very extensive wear facets due to 
occlusion with the lower premolar and canine. There were four 
examples, or 7'3 per cen t , of caries, and ot these no less tha n three 
( I l the cavities were situated at the cervical margin. In the fourth 
example the caries had pennrated from the palatal su rfa ce, formin g 
a large cavity. I n one sl-Jl!cimen there was also an erosion cavit y, 
as distinct from caries, a t the neck of the tooth, 

UPPEH FJRST PHHIOLAHS (Number of teeth measured, 50). 
The following m(;,lsurements were taken for Hil'si' teeth. The 

roots were each measured :from the mid-poillt on the mesial and 
distal surfaces of the j unction of the enamel and cementum to the 
ti ps of the roots, The crown measurements were taken between 
the mid-points on the mesial and distal surfaces a t the junction of 
the enamel and cementum and at the same level between the buccal 
and palatal surfaces. 

Most of the teeth showed a marked tendency towards the 
formation of fwo roots, which were actually completely formed in 
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on the mesial and distal surfaces, and (2) the mid-points ,on the 
labial and palatal surfaces at the enamel margins; the average of 
these two has been taken as giving the CroWll factor; this factor 
multiplied by 100 and divided by the root length gives the index 
for the tooth, 

In three cases the cingulum on the palatine aspect of the crown 
was elevated in the mid-line to form a pronounced tubercle, which 
was accompanied by a groove down the disto-palatal aspect of the 
root and thus showed a tendency towards the formation of two rOl)ts, 
In one further exam pie , which, however , had no tu bercle , this groove 
was so marked as to make the tooth partially two-rooted , the second 
root being formed in the manner described by Tomes3 in the case of 
lower premolars, 

There were six examples, or 6'4 per cent, of curved roots suggesti.ng 
the presence , in some cases, of alveolar prognathism; in additiun 
only two cases of caries were presen t, or a fraction under 2 '2 per cent, 
and in both the cavity was situated at the cervical margin 0 ,( th e 
mesial side, 

One other abnormality occurred on the labial surface of a single 
tooth where a deep fissure was present in the mid-line at the incisal 
edge; this fissure became shallower as it ascended over the labial 
surface and c1isappeared after covering two-thirds of the labial surface. 

Further, a number of the teeth gave the impression that the 
labial surface of the crown was bent inwards from the line of the 
axis of the root, as if a natural attempt had been made by this means 
to cOlTf'd the oH'rbite due, possibly, to the alveolar prognathism, 
and so to bring the upper incisors into an edge-to-edge contact with 
the lower incisors, 

UPPER LATERAL I NCISORS (:\ umber of teeth measured, 91), 
The measurements taken for these teeth were the same as those 

taken for the upper central in cisors. 
In general the form of these teeth did not differ from those of 

modern man ,: there was a tendency for the distal angle of the crown 
to be so rounded off as to g ive the tooth rather the appearance of 
a canine, but this is a feature that is of quite common occurrence in 
modern dentitions. It was markedly pronounced in six cases, or 
6·6 per c. 'Ill. 

There were sixteen cases, or 17'5 per cent, of excessive flattening 
of the root , this being very marked in two of the specimens; in all 

3 Tomes, Dental / 11 /(1 /0111 / , p. 575 a nd Fig. 287­
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it was accompanied by a groove along the length of the root, marking 
a tendency tuwards the -[ormation of two roots, lahial and palatal. 

In thirt een cases, or 14'3 per cent, the cingulum was considerably 
more elevated than is normally the case, thus leaving a deep pit on 
the palatal surface; this pit was replaced in three specimens by a 
well -marked median tubercle. 

Three teeth showed marked curving of tIle apical third of the 
root, while two oLhers were almost peg-shaped in form, thereby marking 
a tendency towards the loss of these teeth from these series. 

Dental caries was present in only two specimens, or 2'2 per cent, 
and both cavities were situated at the cervical margin on the distal 
surface. 

In both the central and lateral incisors the nature of the wear 
of the teeth suggests that the bite was normal1\' (lverlapping, but 
that in a very considerable number of cases it must have Ul'Cll edge 
to edge. It would be interestillg to see which bite is the case in am; 
articulated jaws that may be recoverable from the deposits. 

Finally one tooth showed an erosion of the root, thus suggesting 
the presence of a chronic abscess or possibly a dental ('\.~t. 

UPPER CANINES (Number of tceth measured , 55,) 
The same measurements 'Nen ' taken for th(·,;(' teeth as for the 

central incisors. 
In two exceptional1y massive specimens the root was very flat , 

while two other teeth showed very extensive wear facets due to 
occlusion with the lower premolar and canine. There were four 
examples, or 7'3 per cent, of caries, and of these no less than three 
of the cavities were situated at the cervical margin. In the fourth 
example the caries had pen"Lrated from the palatal surface, forming 
a large cavity. In one specimen there was also an erosion cavity, 
as distinct from caries, at the neck of the tooth . 

UPPER Fm.ST PRHIOLARS (Number of teeth measured, 50) . 
The following rm;asurements were taken for these teeth . The 

routs were each measured from the mid-point on the mesial and 
distal surfaces of the j unction of the enamel and cementum to the 
tips of the roots. The crown measurements were taken between 
the mid-points on the mesial and distal sudaces at the junction of 
the enamel and cementum and at the same level between the buccal 
and palatal SLll'bces. 

Most of the teeth showed a marked tendency towards the 
furmation of fwo roots, which were actually completely formed in 

http:suggesti.ng
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thirty-three examples, or 66 per cen t. In seven cases, or I4 per cen t, 
the two roots were disting uishable by a very marked constriction 
of the single 1"00t on the mesia l and distal aspl~cts, a nd thi s constric­
ti,m was ma rked alnng the whole length of the root . In ten cases, 
or 20 per cent, there was either no a ttempt at all t ow:lrt.!s the 
formation of two roots, or the cOJlstriction of the single root , mark ing 
the first stJ!:;" of such an attempt, was so sligh t that it could be 
ign ored. There were no examples of three-rooted first premolars in 

t he collection. 
Caries was present in five cases, or 10 per cent, and of these teeth 

one of them h~d two cavities, making a t ota l of s ix. In all of the 
teeth the cavities were situated intersti t ially a t the gum margin, a n 
area that is so often the starting point for caries at the present day . 
In three cases tbe crown of the t oo th had been fractured and suhse­
quently worn smooth, while ye t another tooth showed a much greate r 
(kgree llf wea r of the palat al cusp than the buccal. One t ooth 
showed an exostvsis around part of its root, poss ibly the end-result 
of a healed fracture. 

UPPER SECOND PIU .'.)OLAR (Number of t eeth measu red , 42) . 

The same measurements were taken for these teeth as for the 
upper first premolars; but in this case, with the exception of two 
teeth, or 4.8 per cent, two roots were not present. At the same time, 
though, there was a decided tendency towards the format ion of two 
roots as indi cated by the grooving of the root , this be ing \vell marked 
in no less than fifteen examples, or 35'7 per cent . 

The incidence of car ies in these teeth was greater than in th e first 
premolars, there being eight examples, 19.1 per cent, of which six 
were placed at the cerv ical marg in interstitially; the other two 
cavit ies were large and both in volved the pulp chamber, one of them 
being so large as to involve almost the whole crown and part of the 
coronal end of th e root as well. 

Exostosis of the root of the irregular type was present in three 
cases, of which two were probably due to the chronic irritation of 
the pu lp through slowly advancing caries . There was one example 
of a fractured crown subsequently worn smooth by mastication. 

UPPER FIRST M OLARS (Number of teeth measured, 19)· 

It is unfortunate that only nineteen of these tee th we re suffi ciently 
complete for measurements to be taken out of the total number of 
seventy-four teeth present; this is due to the brittleness of the teeth, 
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thirty-three examples, or 66 per cen t. In seven cases, or I4 per cen t , 
the two roots were distinguishable by a very marked constriction 
of the single root on the mesial and dist a l aspects . and this constric­
tion '.vas marked along the whole length 01 the root. In ten cases, 
or 20 per cent, there was either no attempt at all t owards the 
formation of two roots , or the const riction of the single root, mark ing 
the first stage of such an attempt, was so slight that it could be 
ignored. There vvere no examples of thn;,· rooted first premolars in 
the collection. 

Caries was present in nve cases, or I O pe r cent , and of these teeth 
one of them had two cavities, making a total of six. I n all of the 
teeth t he cavities were situated in tersti ti ally at t he gum margin, an 
area that is so often the sta rting point for caries at the present day. 
In three cases the crown of the t ooth had been fractured and suhse ­
quently worn smooth , while yet another tooth showed a much great (; r 
degree of wea r of the palatal cusp than the buccal. nne tooth 
showed an exuslusis around part of its root , possibly the end-result 
of a h(;aled fracture. 

UPPER SECOND P!{ EMOLAR (N um ber of teeth measured, 42). 

The same measurements were taken for these teet h as fo r the 
upper fir st premolars ; but in this case, with t he exception of two 
teeth, or 4. 8 per cent , two roots were not present. At the same time, 
though, there was a decided tendency towards the formation of two 
roots as indicated by the grooving of the root , this being well marked 
in no less than fi fteen examples, or 35 '7 per cen t. 

The incidence of caries in these t eeth was greate r than in t he first 
premolars. there being eight exam ples , Ig'I per cen t, of which six 
were placed at the cervical marg in interstitially; the other two 
caviti es were large and both involved the pulp chamber, one of them 
being so large as to involve almost the whole crown and part of the 
coronal end of the root as well. 

Exostosis of the root of the irregular type was present in three 
cases, of wh ich two were probably due to the chronic irritation of 
the pulp through slowly advan cing caries . There was one example 
of a frac tured crown subsequently worn smooth by mastication. 

UPPER FmST MOLA RS (Number of tee th measured, Ig). 

It is unfortun ate that only nineteen of these teeth were sufficiently 
complete for measurements t o be taken out of t he total number of 
seventy-four teet h present; this is clue to t he brittleness of the teeth, 
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which has caused the loss by fracture of portions of one or more of 
the relatively slender roots . 

The measurements taken for these teeth were five in number :­
I and 2. The anterior and posterior buccal root lengths from 

the mid-point of the line of junction to the enamel and cementum on 
the buccal surface to the tips of the respect ive roots. 

3. The palatine root length from the junction of the enamel 
and cementum at the base of the root to the apex of the root. 

4 a nd 5 . The crown was measured between the enamel margins 
between the points used in I and 3, and between the mid-points at 
the enamel margin on the mesial and distal surfaces. 

The teeth showed a distinct tendency towards the so-called 
oblique-rooted type, in ~lhich the posterior palatine cusp is much 
reduced and may be almost absent. This, as is usual in modern man, 
is accompanied by an over-development of the anterior palatin e 
cusp, whidl must be looked upon as a degenerative change towards 

a simple bicuspid type of crown. 
In many cases the teeth bore small oval or saucer-shaped shallow 

depressions near the occlusal surface on the mesial and distal surfac"s, 
that is, near the contact points. ThvsC' are all due in these specimens 
to the very slight movements of the teeth in their sockets under the 
stresses of mastication ;4 the facets were observable in all the molars, 
both upper and lower, and also in the premolars, though in these 
the facets were 'not so well marked . 

Two specimens, 10'5 per cent, had enamel tubercles on the 
palatine surface of the anterior palatine cusp. In four cases, 21'0 per 
cent , the fissure hdvvren the anterior and posterior palatine cusps 
was continued in the -form of a shallow groove well on to the palatine 
root. In seven cases, 36.8 per cent, the palatine root was deeply 
grooved a long its whole length as if for division into two. Of the 
three roots of the teeth the anterior buccal root was generally the 

largest . 
There "vere only three cases of caries, 15.8 per cent . In two of 

these the cavities were small and multiple and situated all round 
the neck of tlle tooth at the gum margin; an extension of these often 
leads to the breaking away uf the whole of the upper part of the 
c;rown from the roots, thus leaving a series of the occlusal parts of 
the crowns of molars lying free in the cave deposits and undestroyed 
by caries. Examples can be found in the mouths of modern man, 
and a number of specimens are to be found amongst the teeth from 

• Cf. Goadby, K., Diseases oj the Gums M Id Oral !l'[ucous lvIembrane, p. ]6. 
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the late Upper Palceolithic site of Aveline's Hole in Somerset.:; The 
third carious cavity was large, involving the whole of one of the 
interstitial surfaces from the cervical margin to the occlusal surface, 
thereby so weakening the crown that it had fractured under mastica­
tion and had bl 'rn subsequently worn smooth. 

One other tooth showed a very much worn crown with an 
irregular exo:;tosis of the mictdle third of the anterior buccal root. 

Amongst the unmeasurable specimens were four examples in 
which the anterior buccal cusp was reduced somewhat , but accompany­
ing this condition there was a small additional cusp present on the 
buccal surface. There were ;"so seven specimens with tubercles on 
the pala tine aspect of the antnior palatine cusp, and two specimens 
in which the crown had berll fractured and subsequently worn smooth, 

UPPER SECOND MOLARS (Number of teeth measured, 22). 

These teeth, like the first upper molars, had suffered badly 
from breakag~'s, which had reduced the number available for 
measurement to rather a small totaL The actual measurements 
taken were Hie same as those for the first upper molars. 

The so-called oblique rootedness noticeable in the first molars 
was accentuated in these teeth, where the posterior buccal cusp, 
instE,:-td of being in line with the anterior buccal cusp, was displaced 
towards the palate, being at the same tim e a little reduced in size; 
this reduction appeared to be due in part to the en largement of the 
anterior buccal cusp. The posterior palatine cusp was still further 
reduced and was often practically absent, being accompanied by a 
very large anterior palatine cusp. 

The fissure between the palatine cusps was continued down on 
to the palatine root in three cases, while the unmeasurable specime ns 

showed fi ve more examples . 
There were no less than nine teeth showing caries, 40'9 per cent; 

of these six showed cavities placed interstitially at the gum margin, 
one tooth having two cavities . One cavity was a shallow fissure­
one on the occlusal surface-while the remaining two cavities were 
very large, involving the whole of one of the interstitial surfaces, 
the pulp chamber, and the maj or part of the occlusal surface. 

One of the carious teeth showed an irregular exostosis 011 the 
anterior buccal root, and ar,other showed a healed fracture of the 
palatine root with considerable exostosis. T'vvo of the crowns had 

, See collec tion of teeth in the museum of the Spel<eo logical Society, Univ~rsity 
of Bristol. 
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which has caused the loss by fracture of portions of one or '110re of 

the relatively slender roots. 
The measurements taken for these teeth were five in number :­
I and 2. The anterior and posterior buccal root lengths from 

the mid-point of the line of junction to the enamel and cementum on 
the buccal sur face to tl1e tips of the respective roots. 

3. The palatine root length from the junction of the enamel 
and cementum at the base of the root t o the apex of the root. 

4 and 5. The crown was measured between the enamel margins 
between the points used in I and 3, and between the mid-points at 
the enamel margin on the mesial and distal surfaces. 

The teeth showed a distinct tendency towards the so-calleel 
oblique-root ed type, in which the posterior palatine cusp is much 
reduced and mJ\" be almost aUs('llt. This, as is usual in modern man, 
is accompan ied by an over-development of the anterior palatine 
cusp, which must be looked upon as a degenerative change to"vards 
a simple bicuspid type of crown. 

In many cases the teeth bore small oval or saucer-shaped shallow 
depressions near the occlusal surface on the mesial and (1 istal surfaces, 
that is, near the contact points. These are a ll due in thes(' specimens 
to the very slight movements of the teeth in their sockets under the 
stresses of mastication;4 the facets were observable in all the molars, 
both upper and lower, and also in the premolars, though in these 
the facets were "not so well marked. 

Two specimens, 10'5 per cent, had enamel tubercles on the 
palatine sudd\.e of the anterior palatine cusp. In four cases, 2 1 '0 per 
cent , t he fissure bet wecn tlw anterior and posterior palatine cusps 
was continued in the form of a shallow groove well on to the palatine 
root. In seven ca;;e;;, 36 .8 ]JlT cent, the palatine root was deeply 
grooved along its whole length as if for division into two. Of the 
three roots of the teeth the anterior buccal root was generally the 

largest. 
There were only three cases of caries, 15"8 per cent. In two of 

these the cavities were small and multiple and situated all round 
the neck of the tooth at the gum margin; an extension of these often 
leads to the breaking away vf the whole of the upper part of the 
crown from the roots, thus leaving a series of the occlusal parts of 
the crown~ 01 molars lying free in the cave deposits and undestroyed 
by caries. Examp).-.; can be found in the mouths of modern man, 
and a number of specimens are to be found amongst the teeth from 

" Cf. Goadby, K., Diseases of the GHtnS and Oral M 11COUS ill/embrane, p. J6. 
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the late Upper Palceolithic site of Aveline's Hole in Somerset. 5 The 
third carious cavity was large , involving the whole of one of the 
interstitial surfaces from the cervical margin to the occlusal surface, 
thereby so weakening the crown that it had fractured under mastica­
tion and had Ul.'en subsequently worn smooth. 

One o ther tooth shov,:ed a very much worn crown with an 
irregular exostosis of the middle third of the anterior buccal root. 

Amongst the unmeasurable spec imens were four examples in 
which the anterior buccal cusp was reduced somewhat, but accompany­
ing ihis condition there was a small additional cusp present on the 
buccal surface. There were also seven srf'rimens with tubercles on 
the palatine aspect of the anterior palatine cusp, and two specimens 
in which the crown had been fractured and su bsequently worn smooth. 

UPPER SECOND MOLARS (Number of teeth mea,;ured, 22). 

These teeth , like the first upper molars.. had suffe red badly 
from breakages , which had reduced the number available for 
measurement to rather a small total. The actual measurements 
taken were the same as those for the first upper molars. 

The so-called oblique r0l1tedncss noticeable in the first molars 
was accentuated in these teeth, where the posterior buccal cusp, 
instead of being in line with the anterior buccal cusp, was displaced 
towards the pabte, being at the same time a little reduced in size; 
this reduction appeared to be due in part to the enlargement of the 
anterior buccal cusp. The posterior palatine cusp was still further 
reduced and was often practically absent, being accompanied by a 

very larg" anterior palatine cusp. 
The flssure between the palatine cusps \-vas continued down on 

to the palatine root in three cases, while the unmeasurable specimens 
showed five more examples. 

There were no less than nine teeth showing caries, 40'9 per cent; 
of these six showed cavities placcct interstitially at the gum margin, 
one tooth having two cavities. One cavilY was a shallow fissure­
one on the occlusal surface ··while the remaining two cavities were 
very large, involving the whole of one of the intersti tial surfaces, 
the pulp chamber, and the major part of the occlusal surface. 

One of the carious teeth showed an irregular exostosis on the 
anterior buccal root, and ar,other showed a hea led fracture of the 
palatine root with considerable exostosis. Two of the crowns had 

o See collection of teeth in the museum of the Spela'!o\og ica\ Societ y, Uni versity 
of Bristol. 
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h, ...n fract ured and subseq uently worn smooth , ""h ile one other tooth 
showed a tendency t owards the formation of four roots. 

U PPER THIRD MOLARS (Number of tecth measured, 32). 
The m(,:l.surements taken for these teeth were the same as those 

for the first and second molars. 
Generally these third molars were reduced in size compared wi th 

t he firs t and second molars and were also irregular in for m, the cusps 
of the crO\\'J1S often appearing t o fo llow no regu lar plan but to lie 
round a single cen tral sulcus, faintly reminiscent of the mu lti-t ubercular 
molars of the Ur sidClJ, and the likeness was helped by the presence 
of minor fissures breaking up the surface of the individual cusps. 

The antero-internal or anterior palatine cusp was generally the 
most prominent one and was, compared with the actual size of the 
crown, JargC'r than in either of the other two molars, the enlargement 
being, as before, a t the expense of the postero-internal or posterior 
palatine cusp. This was often so much reduced in size as to be, 
for all practical purposes , absent or fused with t he anterior pala tine 
cusp ; when thi s occurred the line of fusion was marked by the 
commencement of a fissure branching from the central sulcus. 

The posterior buccal cusp was more reduced in size than the 
anterior buccal and tended to be comple tely absent, thereby reducing 
the crown to a rather flat bicuspid form with the roots more or less 
fused into one to form a taurodont type of tooth. 

The fu sion oJ the ro() ts varied from a stage in which the di vision 
into three separate roots was marked by a deep groove to one in which 
the line oJ division was scarcely perceptible. In all there were only 
six specimens, 18·8 per cent, that showed separate roots, and one of 
th ese bore a fourth root. In a second the posterior buccal and the 
palatine roots were joined by a large irregular exostosis , while the 
an terior buccal root was also affected. 

C~ries w,:s presen t in twel ve specimens, 37.6 per cen t , represen ting 
thirteen cavities; of these cavities no less than t we lve had started 
interstitially at the gum margin. Three of the cavities were large. 

LOWER CENTRAL I NC ISORS (Number of teeth measured, 73). 
These tee th and the lower lateral in cisors are perhaps the most 

difficult to ident ify in a mixed collection of tee th , such as tb rsr from 
the Ghar Dalam Cave. 

Tbe measurements taJ<en for these teeth were the same as those 
for the upper central incisors . 

In most cases the root s were normal in form, but there were 
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seven examples in which the roots were rounded a t the apex, though 
the writer is not of the opinion that this was clue to chronic periodonta l 
disease, as other signs of the di sease were absent, such as irregular 
deposits of cementum near the apex . In several cases the roots were 
very flat and grooved as if for bifurcati on, but such a condition ca ll 
quite often be observed in modern teeth . 

Two examples showed tartar still adherent t o the necks of the 
teeth , but this would not represent the percentage of persons with 
tartar on their teeth during life, for the tar ta r may easily have become 
detached under the post-mort,'1n conditions. The serumal type of 
calcu lus appeared to be absent unless it was masked by the prevai li ng 
coating of red earth; its absence is in k"eping with the lack of 
evidence of the presence of periodontal disease . 

There were no specimens showing dental caries. 

LOWE R LATERA L I NCI SORS (Number of tee th measured, 40). 

The measuremen ts taken were the same as those for the uppe r 
cen tral in cisors. 

There were fou r specimens showing grooving of the roots marking 
a tendency towards bifurcation, while sali vary calculus ,·vas st ill 
adherent in two cases; caries was present in on ly one specimen, 
2'5 per cent, inters titia lly at the gum margin. 

LOWER CANINES (Number of teeth measured, 47). 

The measuremen ts taken were the same as those for the upper 
cen tral incisors. 

Caries was present in on ly one spec imen, Z' 1 per cent, at the 
cervical margin interstitia lly; there were, however , fifteen specimens, 
31'9 per cent, which showed a gr"o\'il!g of the root marking a tendency 
to di vision , and in three cases out of these actual div ision had 
occurred at the apex. 

Tartar was still adherent in fi ve specimens, and one specimen 
showed a la rge enamel tubercle 0 11 the cingulum. 

A study of the marks of attrition clue to mastication sugge:;L:; 
that in thirt y- four cases, or 72'3 per cent, the bite was edg\' to euge; 
in si x cases, or 12·8 per cent , the bite was the modern overhung type ; 
in seven cases, or 14'9 per cent , the Ilature of the bite was un cert ain 
but was probably edge to edge. 

These fi gures con tradict the impression given 1,\ ' the upper central 
and lateral incisors that the bite was of the moclern overh ung type 
in many cases. The figures obtained by this examination of the 
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been fractured and subseq uently worn smooth, while one other tooth 
sllOwed a tendency towards the formation of four roots. 

UI'PER THIRD MOLARS (Number of teeth measured, 32) . 
The measurements taken for these tenh were the same as those 

for the first and s('cond molars. 
Generally these third molars \-"ere reduced in size compared with 

the first and second molars and were also irregular in form, the cusps 
of the crowns often appearing to follow no regular plan but to lie 
round a sinde central sulcus, faintly reminiscent of the multi-tubercular 
molars of the U1'sidce, and the likeness was helped by the presence 
of minor fissures breaking up the surface of the individual cusps. 

The antero-internal or anterior palatine cusp was generally the 
most prominent one and was, compared with the actual size of the 
crown, larger than in either of the other two molars, the enlargement 
being, as before, at the expense of the postero-internal or posterior 
palatine cusp . This was often so much reduced in size as to be, 
for all practical purposes, absent or fused with the anterior palatine 
cusp; when this occurred the line of fusion was marked by the 
commencement of a fissure branching from the central sulcus. 

The posterior buccal cusp was more reduced in size than the 
anterior buccal and tended to be completely absent, thereby reducing 
the crown to a rather flat bicuspid form with the roots more or less 
fused into one to form a taurodont type of tooth. 

The fusion of the roots varied from a stage i.n which the division 
into thn 'c separate roots was marked by a deep groove to one in which 
the line of division was scal'l:dy perceptible. In all there were only 
six spccimens. 18·8 per cent, that showed separate roots, and one of 
these bore a fourth root. In a second the posterior buccal and the 
palatine roots were joined by a large irregular exostosis, while the 
anterior buccal root was also affected. 

Caries \Vas present in twelve specimens, 37·6 per cent, representing 
thirteen cavities; of these cavities no less than twelve had started 
interstitially at the gum margin. Three of the cavities were large. 

LOVVER CENTRAL INCISORS (Number of teeth measured, 73). 
These teeth and the lower lateral incisors are perhaps the most 

difficult t o identify in a mixed collection oJ teeth, such as these from 
the Ghar Dalam Cave. 

The measurements taken for tht:se teeth were the same as th ose 
for the upper ("'ntral incisors. 

In most cases lh,' roots were norma! in form , but there were 
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seven examples in which the root s were rouncled at the apex, though 
the writer is not of the opinion that this was due to chronic periodontal 
disease, as other signs of the disease were absent, such as irr~gular 
deposits of cement um near the apex . In several cases the root s were 
very fiat and grooved as if for bifurcation , but such a cOlldition can 
quite often be observed in modern teeth. 

Two examples showed tar tar still adherent to the necks of the 
teeth , but this would not represent the percentage of persons with 
tartar on t heir teeth during life, for the tartar may easily have become 
detached under the post-mortem conclitions. The sernmal type of 
calculus appeared to be abs('nt unlE-ss it was masked by the prevailing 
coating of red earth; its absence is in keeping with the lack oJ 
evidence of the presence of periodontal disease. 

There were no specimens showing dental caries. 

LOWER LATERAL INCISORS (Number of teeth measured, 40). 

The measurements taken were the same as those for the upper 
central incisors. 

There were four specimens showing grooving of the roots marking 
a tendency towards bifurcation, while salivary calculus was still 
adherent in two cases; caries was present in only one specimen, 
2'5 per cent, interstitially at the gum margin. 

LOWER CANINES (Number of teeth measured, 47)· 

The measurements taken were the same as those for the upper 
cen tral incisors . 

Caries was present in on ly one specimen, 2'I per cent, at the 
cervical margin interstitially; there were, however , fifteen specimens, 
3I-9 per cent , which showed a groO\'ing of the root marking a tendency 
to division, and in three cases out of these actual division had 
occurred at the apex. 

Tartar was still adherent in five specimcns, and one specimcn 
showed a la rge enamel tubercle on the cingulum. 

A study of the marks of attrition due to mastication suggests 
that in thirty-tour cases, or 72'3 per cent, the bite was edge to edge; 
in six cases, or I2·8 per cen t, the bite was the modern overhung type; 
in seven cases, or I4'9 per cent , the nature of the bite was uncertain 
but was probably edge to edge. 

These figures con tradict the impression given I):, the upper central 
and la teral incisors that the bite was of the modern overh ung type 
in many cases_ The figures obtained by this examination of the 
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lower can ines are to be more relied upon than the imp1'ession gained 
by an examination of the upper inc isors. 

LOWER FIRST PREMOLARS (Number of teeth measured, 47) · 
The measurements taken were the same as for the upper central 

incisors. 
In five specimens, 10·6 per cent, the roots showed a marked 

g roo\ 'e , thus indicating a tendency towards the division into two 
if) 

roots, one anterior and one posteri or," but in none of these examples ~ 
had the process gone so far as to form two separate roots. -< 

o 
~ 

Caries was prc;;,' nt in ten specimens, 21 ' 3 per cent, and of these 
fiw of the cavities had commenced interstitially at the gum margin ~ 

~ 
alid three at the gum margin on the labial surface. ~ 

(f)
Irregular deposi ts of cemen tum were present J:C'ar the apices in E-< 

~ 

othree specimens, in two of which these deposi t s were associated with Z ~ 
caries at thl' ,::um margin. Tartar was adherent t o the li ngual surface ~ -< 

~ .in two specimens. 
if)~ 
~ ~ ZLOWER SECOND PRDIOLARS (Number of teeth me~tsured, 41 ). ~ ..... 

(f) ZThe measurements taken were th e same as those for the upper -<-< ucen tral inci<;(J rs . ~ 
One spec imen showed anterior and posterior roots, and a second ~ if) 

too th showed a groove on the root marking the commencement of 	 ~ 
o 

o 
~such a division. 	 if) ..... 

Cari es was present in ten specimens, 24'4 per cen t, in nine of 	 U 
Zwhich the carious process had started intersti tia lly at the gum margin. 	 .....00 

Thrc.:c of the caviti es were large , and one t ooth showed multiple ~ 
~ ~ 

small cavities all round the neck. cc ~ 

Tartar was still adherent on the lingual surface in four specimens, -< o 
~ 

~and irreg ula r deposits of secondary cementum in the apical region ~ 
were present in one specimen on ly. ;;>-
LO\VEl~ FmST i\{OLARS (Number of teeth measured, 24). 	 ~ 

.0 
The follow ing ITH'asurements were taken for tht'~e teet.h 	 r'J 

E-< 
1. The length of the anterior root from the mid-point on the 

mesia l surface of the line of junction between the enamel and the 
cenw;ltum to the tip of the runt. 

2. The kngtil of the p osterior root from the mid-point on the 
distal surLtrc: of the Jine of junction of the enamel al~d cementum 
to t he apex of the root. 

G Tomes, I bid. , p. 375. 
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lower canines are to be more relied upon than the impression gained 
by an examination of the upper incisors. 

LOWER fIRST PRHIOLARS (Number of teeth measured, 47). 
The measurements taken were the same as for the upper cen tral 

incisors. 
I n five specimens, Io·6 per cent, the roots showed a marked 

groove , thus indicating a tendency towards the div ision into two 
if! roots, one a.nterior and one posterior,'; but in none of these examples 0:: 
-(had the process gone so Jar as to form two separate roots. 
~ 

Caries was present in ten specimens, 2I'3 per cent, and of these o 
::Efive of the cavities had commenced interstitially at the gum mu.rg,in 
~ 

and three at the gum margin on the labial surface. 0:::
00 c..Irregu lar deposits of cementum were present near the apices in E-­

three 	specimens, in t\\'o of which these deposits were associated with Z 	 o 
~ ~ caries at the gum margin. Tartar was adherent to the lingual surface -( 

~in two specimens. 
~ 	 if! 

~ ~ ZLOWER SECOND PREMOLARS (Number of teeth measured, 4I). o ...... 
The measurements taken were the same as those for the upper 00 Z 

-< u 
-( 

central incisors. ~ 
One specimen showed anterior and posterior roots, and a second ~ 	 if! 

tooth showed a groove on the root marking the commencement of 	 0:: o 
o ~such 	a division. if! ...... 

Caries was present in ten specimens, 24'4 per cent, in nine of U 
Zwhich the carious process had started interstitiallv at the gum margin. 	 ......00 

Thrl'c of the cavities were large, and one tooth showed multiple ~ 0:::..J 	 ~small cavities all round the neck. ~ S:Tartar was still adherent on the lingual surface in four specimens, -< 	 o 
~and irregular deposits of s(;condary cementum in the apical region E-t 

were 	present in one specimen only. ;> 

LOv\'ER FIRST :\lULAHS (Number of teeth measured, 24). 	
Q) 

.0 
The followin g mea,;urements were taken for th(:sl! tee th :- r:<j 

E--< 
1. The length of the anterior root from the mid-point on the 

mesia l surface of the line of j unction between the enamel and the 
cementum to the tip of the root . 

2. The length of the posterior root from the mid-point on the 
dista l surface of the li ne uf junction of the ename l al~d cemen tum 
to the apex of the root. 

• Tom es, I bid" p. 375 . 
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3. The crown was measured between the first points in I and 2 

and between the mid-poillts buccally and lingually at the line of 
j unction of the ellamel and cementum. 

In these teeth, as in the other lower molars, it was considered 
desirable to estimatl' the size of the 11lth cusp. VarioLls methods of 
direct measurements were tried, but found t o be impracticable owing 
to the variations in the degree of wear of the teeth and the nature 
of the fissurv~ marking the limits of the fi fth cusp; therefore an 
empirical method of measurement h ad t o be adopted by estimating 
the size of the cusp against a normal calculated as 1'0. It is admittedly 
a method that allows errors of degree t o occur, especiall y as it is 
impossible to define the standard llsed for com parison which may 
therefore vary with each investigator. In spite of this the method 
does provide a means for an approximate comparison of the size of 
the fifth cusp in the three m olars. 

Caries was present in seven specimens, 29'2 per cent, representing 
nine cavities; of these seven had commenced intersti tially either at 
the contact points or at the gum margins; one certainl:"" and one 
probably, had commenced on the occlusal surface. 

The facets worn at the contact points on the mesial and distal 
surfaces were particularl\' well marked in thesf' teeth. 

There was another kature worthy of notice in these teeth, and 
that is, the point at which the roots become separate from the bocly 
of the tooth. In the average modern Englishman the roots separate 
a little below the neck of the tooth, but examples are not w;tnting 
in vvhich this distance is considerably inneased, thereby shortening 
the actual root length as measured from tIlt' external surface of the 
:floor of the pulp chamber to the apex of the root. In other words, 
there is an enlargement of the pulp chamber marking a tendency 
towards taurodolltism. In these teeth from Malta the same thing 
occurred, but in a slightly more marked dr;<ree and somewhat more 
frequently both in the upper and lower molars. 

Only one specimen showed any exostosis of the rvvLs, and that 

on the anterior root only. 

LOWER SECOND l 'IoBRS (Number of teet h m<.:;tsured , 29)· 
The measurements taken were Llw same as thvsc for the first 

molars , and the size of the fifth cusp \Vas estimated in a similar manner, 
using a standard fifth cusp of a :first molar. 

aries was present in thirteen specimens, 44.8 per cent, representing 
fifteen cavities; of these two were placecl interstitially at the gum 
margin, seven at the gum margins either buccally or lingually', and 
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six occlusally, including ('J1\' caviL) inv()l\'iilg the wiJ"k of the distal 
surface ancl half of th(' crown. Sever:d sp"cin!l:l1:i showed varying 
degrees of t au rodontism. 

LOWER THIRD lVIOT..\RS (Numher of teeth measured , 29). 
The mt:<1surements taken \\It 'n ' the :;ame as tll ,)s, ' for i'\ (e ilrst 

lower molars. 
These teeth were generally smaller and more irregular than the 

l1rst or second molars, but maint ained the general true shape of the 
crown more so than was the case with the upper third molars; never­
theless the shape of these teetli varied very much. A degree of 
taurodontism was in evidence in nearly all specimens and a study 
of these third molars most strongly suggests that this condition is 
the result of a t endency towards the fusion of the normally separate 
roots; or t o express it in another way, taurodontism represents 
a retrogression from the normal multiple-rooted t eeth and makes 
itself felt most strongly in thosE' teeth that are degenerate and tending 
to disappear, such as the third molars, from the human clental series. 

The roots of th(~l' teeth were fused completrh' in olllv eleven 
specimens, 37'9 per ('('lit, and in these the line of fusion \\-;lS still 
marked by a groove . Thus 62'1 per cent had separate roots :IS 

against only 111·8 per cent of the upper third molars, which may 
there-£ore be regarded as the more degenerate of the two sets of third 
molars. 

The cusps of the crown tended to be subdivided by minor fissures 
and to lie grouped round a central sulcus reminiscent of the multi­
tubercular t ype of molars seen in the U1'Sidce. This was well marked 
in eight specimens, or 27.6 per cent. 

Caries was present in six examples, or 20'7 per cent, in three of 
which it appeared as cavities placed interstitially ; two cavities had 
started from the occlusal surface, and one which invoived almost the 
\\"hole of the crown probably started from this area as well. 

SUi'I'IMARY AND CONCLUSIONS. 

The detailed examinations outlined above show that there is 
no feature by which these teeth from Malta of Neolithic times may be 
distinguished from those of modern man save by the state of their 
preservation and their superficial appearance due to their long burial 
in the material of the cave floor. 

The percenlage of caries is interesting and is dispby,~d graphic;tlly 
111 Table I. As in modern man the lower incisors and canines are 
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3. The crown was measured between the first points in I and 2 

and between the mid-points buccally and lingually at the line of 

junction of the enamel and cemen tum. 
In these t eet h, as in the other lower m olars , it was considered 

desirable to estimate the size of t he Jifth cusp. Various methods of 
direct measurements were tried, but foun d to be impracticable owing 
to the variations in the degree of wear of the teeth and the na ture 
of the fissures marking the limits of the fift h cusp; therefore an 
empirical method of measurement h ad t o be adopted by estimating 
the size of the cusp against a normal calculated as 1'0. It is admitt edly 
a method that allows errors of degree to occur, especia lly as it is 
impossible to define the standard used for com parison \vhich may 
therefore vary with each investigator. In spite of t his t he method 
does provide a means for an approximate comparison of t he size of 

the fifth cusp in the three m olars. 
Caries was present in seven specimens, 29'2 per cent, representing 

nine cavities; of these seven had commenced interstitially either at 
the contact points or at the gum margins ; one certainly, and one 
probably, had commenced on the occlusal surface. 

The facets \\'om at the contact points on the mesial and distal 
surfaces were particularl y well marked in these teeth. 

There was another feature worthy of notice in these teeth, and 
that is, the point at which the roots become separate from the body 
of the tooth. In the average modern Englishman the roots separate 
a little below the neck of the tooth, but examples are not wanting 
in which this di~t:J.nce is considerably increased, thereby shortening 
the actual root length as m easured from the external surface of the 
floor of the pulp chamber to the apex of the root. In other words, 
there is an enlargement oJ the pulp chamber marking a tendency 
towards taurodontism. In these teeth from :i\Jalta the same thing 
occurred, but in a slightly m ore marked degree and somewhat more 
frequent ly both in the upper and lower molars. 

Only one specimen showed an" exostosis of the roots, and that 

on the anterior root on ly. 

LOWER SECOND MOLARS (Number of teeth measured, 29)· 
The measurements taken were the same as those for the first 

molars, and the size of the fifth cusp was estimated in a similar manner, 

using a standard fifth cusp of a first molar. 
Caries was present in thirteen specimens, 44.8 per cent, representing 

fifteen cavities; of these two were placed interstitially at the gum 
margin, seven at the g um margins either buccally or lingually, :1'Id 
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six occlusally, including one cavity jnvolving the whol,· of the di,;L:11 
surface and half of the crOW11. Sr·v , 'ral specim('lls 5ho\v('n varying 
degrees of taurodontism. 

LO\n:l{ THIRD }[OL\!{S (Number of teeth measufl' d, 29). 
The measurements taken were ttl\' same as th ose for th, · flrst 

lower molars. 
These teeth were generally smaller and more irregular than the 

llrst or second molars, but maintained the genera l true shape of the 
crown more so than was the case with the upper third molars; never­
theless the shape of these teet h varied very much. A degree of 
taurodontism was in evidence in nearly all specimens and a study 
of these third molars most strongly suggests that this cond ition is 
the result of a tendency towards the fusion of the norm::tlly separate 
roots: or to express it in another \yav , taurodontism represen ts 
a retrogression from the normal multiple-rooted tee th and makes 
itself felt most strongly in those teeth that a re degenerate and tending 
to disappear, such as the third molars, fr om the human denta l series. 

The roots of thl'';(' teeth were fused completely in only eleven 
specimens, 37'9 per C('llt, and in these the line of fusion was still 
marked by a groove. Thus 62'1 per cent had separate roots as 
against only 18·8 per cellt of the upper third molars, which may 
therefore be regarded as the more degenerate of the two sets of third 
molars. 

The cusps of the crown tended t o be subdiv ided by minor flssures 
and to lie grouped round a central sulcus reminiscent of the multi­
tubercular type of molars seen in the Ul'sidci'. This was well marked 
in eight spec imens, or 27.6 per cent. 

Caries was present in six examples, or 20,] per cent, in tlm'l: of 
which it appeared as cavities placed interstitially; two cav ities had 
started from the occlusal surfa!'lO, and one which invoked a lmost the 
whole of the crown probably sbrted from this area as well. 

SUMMARY AND CONCLUSIONS. 

The detailed examinations outlined above sh ow tll" t there is 
no feature by which these teeth from :\hlta of Neolithic tink'; JllJ\ be 
distinguished from those of modern man save by the st ,l Le: of their 
preservation and their superficial appearance due to their lUI I,; burial 
in the material of the cave floor. 

The percentage of clries is interesti 1 ,g and is disp];,\ cd graphicall y 
in Tab le I. As in modern man the lower incisors and canines are 
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practically immune, but it is a little surprising to find the upper 
incisors and canines followin g suit. From the can incs b::lckwards to 
the second molars the percentage of teeth affected with caries incrc::loes, 
save for a slight drop in the case of the upper first molars, till it 
suddenly increases to the high maximum of the second molars. The 
third molars show a decreasl", which is probably largely accounted 
for by their shortened time of exposure to the ch ances of decay; 
and this shortelled time is due t o the late date of their eruption, 
coupled with th e fact that the whole of the tee th represent a very 
high percentage of young adults. 

But if these are the true reasons for the decrease in the percentage 
of caries in the third molars, then , arguing in the reverse direction, 
the peak of the incidence of caries should come in ihe first molars 
and not in the second. Here, though , other factors come into 

play. 
In the first pLin' the attrition of the first molars would lead in 

time to the exposure of the dentine underlying the enamel, with the 
complete obliteration of the natural fissures in that substance. These 
fissures are very often the first places to be attacked by dental caries. 
The exposure of the dentine "vould stimulate the produ ction of 
secondary dentine , and the hyper-calcification of the normal den tine ; 
thus there would be an increase in immunity to caries. 

It may well be asked, however, why the first molars did not 
become subject to caries prior to the wearing away of the enamel 
and the eruption of the second molars, and this is a question not 
easily answered in the limited stale of our knowledge of the people. 

Secondly. it is probable that diet was a facto r in the relative 
immunity to caries in the first molars; in other words, the young 
were brought up on a more natural diet than their elders, and it was 
not until thE'y were fairly well grown, say in their teens, t hat they 
were allowed to consume the mon°rdined diet ; and by that time the 
fissures in the CrO\\'11:; of the first molars would have been very large ly 
obliterated even if the dentine were not exposed; such a degree of 
wear so early is normally excessive for the average Englishman , 
but it is by no means encommon to find such a degree of wear of 
the teeth at that early age in races living on a largely vegetable diet 

of a fairly coarse nature. 
Thirdly, oral hygiene probably plays an important part in the 

lessened amount of caries in the tirst than in the second molars. 
Where relatively primitive methods of cleanillg teeth , such as the 
use of the jingcr dipped in charco:ll or a ~hes, are in vogue, the tee th 
as far L:'ck as the fIrst molars are '.:as\· to cleanse over thei r main 
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surfaces, but it is not so easy to cleanse the second molar thoroughly 
unless extra care is taken to ensure this. 

These three factors between them account, in the writer's opinion, 
for the higher percentage of caries in the second molars compared 
with the first , and this percentage is remarkably high for such early 
times. 

Out of a total of 100 carious cavities, no less than 72 had started 
at the gum margin, and of these 65 were cavities placed interstitially, 
thus giving a picture of ineffICient oral hygiene leaving food debris 
round the necks of, and between, the t eeth . 

Another point of interest is the absence of roughening of the 
roots due to the irregular deposition of secondary cementum. This • 
absence of increase in the amount of the cementum, either regular 
or irregular, is in striking contrast with the conditions fuund in the 
human teeth from the late Upper PalGeolithic station of Aveline's 
Hole in Somerset, where chronic periodontal disease was apparently 
rife. Thus the inhabitants of Malta in Neolithic times as represented 
by these teeth were susceptible to caries but not apparently to 
periodontal disease. 

On the other hand, the presence of tartar round the necks of 
a number of the t eeth makes it obvious that a number of the 
population must have suffered from some degree of margina l 
gingivitis, which, in an avcr::tgc Englishman, would progress to a very 
def1l1ite periodontal disease if left untreated; but this docs not seem 
t o have been the case in these teeth , for there is none of the roughening 
of the roots of the teeth that is associated with this condition. Again 
the youth of the individuals represented might account , in part at 
least, for the absence of evidence of periodontal disease. 

The degree of wear of the molars in a number of cases suggests 
that the people lived on a gritty vegetarian diet rather than one 
consisting largely of meat. The tendency of some of the molars to 
assume a taurodont form is worthy of note. 

Thus though these results and figures may be regarded as incon­
clusive. they do show that the modern tooth form has not changed 
perceptibly over a long period of time, a period which is probably 
not less than 5,000 yea rs and is almost certainly considerably more. 
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practically immune, but it is a little surpnsmg to find the upper 
incisors and canines following suit. From the canines backwards to 
the second molars the percentage of teeth affected with caries increases, 
save for a slight drop in the case of the upper first molars, till it 
suddenly increases to the high maximum of the second molars. The 
third molars show a decrease, which is probably largely accounted 
for by their shortened time of exposure to the chances of decay ; 
and this shortened time is due to the late datc of their eruption, 
coupled with the fact that the whole of the teeth represent a very 
high percentage of young adults. 

But if these are the true reasons for the decrease in the percentage 
of caries in the third molars, then, arguing in the reverse direction, 
the peak of the incidence of caries should come in the first molars 
and not in the second. Here, though, other factors come into 

play . 
In the first J.>lace the attrition of the Jirst molars would lead in 

time to tlI<.: L'XpOSUl'<.: of the dentine underlying the enamel, with the 
complete obliteration of the natural fissures in that substance. These 
fissures are ver~' uften the first places to be attacked by dental caries. 
The exposure of the dentine ,."ould stimulate the production of 
secondary dentine, and the hyper-calcification of the normal dentine; 
thus there v,'ould be an increase in immunity to caries. 

It may well be asked, however, why the first molars did not 
become subject to caries prior to the wearing away of the enamel 
and the eruption of the secund molars, and this is a quest ion not 
easily answt'J'('u in the limited state of our knowledge of the people. 

Secouuly, it is probable th at diet \\'as a factor in the relative 
immunity to caries in the first molars; in other words, the young 
were brought up on a more natural diet than their elders, and it was 
not until they were fairly well grown , say in their teens, that thcy 
were allowed to consume the more relined diet; and by that time the 
fissures in the crowns of the first molars would have been very largely 
obliterated even if the dentine were not exposed; such a degree of 
wear so early is normally exces::;ive for the average Englishman, 
but it is by no means l'ncommon to find such a degree of wear of 
the leeth at that carly age in races living on a largely vegetable diet 

of a fairly coarse nature. 
Thirdly, oral hygiene probably plays an important part in the 

lessened amount of caries in the first than in the second molars. 
Where relatively primitive methods of cleaning teeth, such as the 
use of the fmger dipped in charco3.1 or ashes, are in vogue, the teeth 
as far b::>.ck as the first molars are easy to cleanse over their main 
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surfaces, but it is not so easy to cleanse the second molar thoroughly 
unless extra care is taken to ensure this. 

These three factors between them account, in the writer's opinion , 
for the higher percentage of caries in the second molars compared 
with the first , and this percentage is remarkably high for such early 
times. 

Out of a total of 100 carious cavities, no less than 72 had started 
at the gum margin, and of these 65 were cavities placed interstitially, 
thus giving a picture of incifl('ient oral hygi(,lll~ k av ing food debris 
round the necks of, and between, the teeth . 

Another point of interest i,.; the absence of roughening of the 
roots due to the irregular ucpo,.;itioll of secondan" c('mentum. This • 
absence of increase in the amount of the cementum, cilhcr regular 
or irregular, is in striking contrast Wilh the conditions fuullo in the 
human teeth from the late U pper Pal;eolithic station of Avd ine's 
Hole in Somerset, where chronic periodontal disease was apparently 
rife. Thus the inhabitants of :\falta in Neolithic times as represented 
by these tee th were susceptible to caries but not apparently to 
periodontal disease. 

On the other hand, the presence of tartar round the necks of • a number of the t eeth makes it obvious that a number of the 
population must have suffered from some degree of marginal 
gingivitis, which, in an average Englishman, would progress to a very 
definite periodontal disease if left untreated ; but this does not seem 
to ha ve been the case in these teeth, for there is none of the roughening 
of the roots of the teeth that is associated with this condition. Again 
the youth of the individuals represented might account, in part at 
least , for the absence of evidence of periodontal disease. 

The degree of \-vear of the molars in a number of cases suggests 
that the people lived on a gritty vegetarian diet rather than one 
consisting largely of meat. The tendency of some of the molars to 
assume a taurodont form is worthy of note. 

Thus though these results and figures may be regarded as inco1l­
clusive, they do show that the modern tooth form has not changed 
perceptibly over a long period of time, a period which is probably 
not less than 5,000 years and is almost certainly considerably more. 


