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MATERIAL 

The present study was iiiade on the so-called Vasterhus ilia- 
teriaI. It was discovered in  the course of excavation for an  avia- 
tion field on Froson in northern Sweden. The Viisterhus chapel 
and its graveyard were brought to light in  1951. The skeletons 
were subsequently sent to the Museuiii of National Antiquities in 
Stockholm for further investigation.1 

The material consisted of the skeletons of about 250 adults, in  
addition to a number of children, and comprised the local in- 
habitants buried in the graveyard froni the 11th century to some 
time in the 13th century. 

The degree of representativeness of the inaterial is hard to  
judge. The district around Storsjiin early became a centre with 
coniiiiunications both eastward to the Bothnian Sea, and west- 
ward into Norway in the direction of Trondheim. Moreover, there 
was sonie incidence of Lapps in these districts. It is therefore 
difficult to determine whether elements of different races are 
included in the material. On the other hand, in view of the 
lively coinniunications, i t  presumably does not consist of in- 
dividuals from a strictly delimited, small isolate. 

The series on which the present study was made consisted of 
97 skulls selected froni the whole niaterial. The selection w a s  
.~ - 

1 I take this opportunity of expressing m y  thanks to Dr. N.-G. Gejvall, 
Keeper of the Osteologic Collections of the Museum o f  National Antiquities, 
for his kindness in placing this material at m y  disposal. 
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based solely on the number of remaining teeth. The crania of 
children and old persons were not, however, included. 

The age and sex were deterniined (by N . 4 .  Gejual l )  :iccording 
to X(rrfin’s niethod ( see T:ible 1 ).  The sex deterinination w a s  
facilitated by tlie placing in the graveyard, the men being buried 
in its southern p r t  and the wonien in its northern part. 

The number of missing teeth, lost either intrn vitnni or post 
mortem, is shown in Tnble 2. The third iiiolnrs in both the upper 
and lower jaw were re1:itively often missing intrn nittrm, 1)rob:ibly 
owing to ;ipl:isia. However, since no roentgenologic examin:ition 
of the 1nateri:il w a s  inade, it cannot be ruled out that certain 
third niolars were inip:icted in the jaws. Under the 1ie:iding 
“Lost intrn vitrrni or post inorfeni” :ire included not only the cases 
in which the :ilveolnr process in  the region in question w a s  
destroyed post inorfeiii, but also those in which a whole jaw or 
parts of it wcre niissing. l‘hus, :i skull without its lower jaw is 
recorded in Table 2 :I% lacking :ill 16 teeth i n  the lower jaw. 
”hlissing intrn uitiriiz” denotes that the tooth had never heen 
formed, was deeply inip:\cted or hiid been lost during life. ”Lost 
post niorfeni” denotes the nuiiiber of einpty alveoli in which it 
could he deterinined f r o m  the shnrp iii:irgins that the teeth had 
fallen out after death. A s  far as  single-root teeth :ire concerned, 
this is particu1:irly c(>iliiiioIl since the very s1i:lpe of the roots 
iiialtes the teeth li:ible to loosen from their sockets. The total 
riuiiiber of inissing teeth is fairly large. This is due to the fact 
that c:ises with relatively few teeth were included, even though 
i t  w a s  possihle to ni:ilte only :I liriiitetl nuinber of iiieasureinents 
in such cases. 

In deterinin:itions of the width of the dentnl :irch in the upper 
iaw, present-day values for men :ind wonien aged 21-24 years 
were included for the sake of coin1):irison. These ii1e:isureiiients 
were made on students nnd staff of ’I’lie Royal School of Dentistry 
in Stoclcholiii. In  every c:ise :ilgin:ite impressions (Tissuetex) 
were taken, :ind dent:il stone (Coecal) inodels made. 

AIM OF ‘THE IN\’E:STX(;A’~lON 

The aim of tlie present study w a s  to iiinlte metric deterinin:i- 
tions of the occlusion :ind denial arches and, if possible, to coin- 
pare the results with those from sinii1:ir investigations. 



Table 1 

The present materia2 

86 90 ~ 52 
Upper  I 

~ 

' Total no. jaw 

missing Lower 
63 42 1 3.1 j a w  

Age group I Males Females Total 

I 
53 63  52 45 75 

22 27 40 31 59 - 

I 
I .Jn\ enile 8 1 4  12 

Adult  . 1 6  24 1 40 

Mature 24 45 
I 

_____ 

44.3 Upper  

: Percentage jaw 

Table  2 

Teeth inissing in the medirvcil crania studied 

_____ 

1  
46.4 26.8 27.3 32.5 

I 

Tooth no. i 1 ~ 2 3 4 

I 
upper Right 5 8 5 9 

j a w  Left 1 1 0  , 14 7 10 Missing 

intra vi tam L~~~~ Right 5 4 0 0 

j a W Left 3 2 1 2  

uI,I,er Right 32 29 1 6  11 

Lost 1 a w  Left 27 i 27 12 11 
post  mortem rAower llight 23 17  1 6  .i 

j a w  Left 28 1 5  12 1 0  

10 1 4  , 8 

l 5  ~ l 3  
2 1 3  8 

4 15 8 

14  6 9 
1 2  7 5 

9 5 3  

20 

13 

21  

27 

19 

10 

2 

7 2 7 4  

1 miwing Lower 
32.51 21.6 17.5 11.3 13.OI 20.6 16.01 30.4 

_ _  __ - ~~~ ~ _ _ ~  
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Although the author is well aware that such :I study may not 
lead to conclusive findings, he considers it expedient to t:il<e 
every opportunity of analyzing inaterial from different historical 
epochs. It is necessary to have far  inore comprehensive material, 
described with :I f u l l  account of the methods used, than that now 
at our disposal froin different geographic regions and epochs, 
before any definite conclusions can be drawn with respect to  
changes in occlusion and the size o f  the jaws in the course of 
history. The present study is intended a s  :I contribution to  this 
endeavour. 

METHODS 

The following measurements were iiinde, 

A. With respect to  the individual jaw: 
1. M’idth of the dental arch, measured :it the first pre- 

inoliirs (S , )  and at  the first iiiolars ( H z )  
2. Length of the dental arch 
3. Height of the l d a t a l  vault 
4. Incisor inclination 
5. 1)ent:il arch space (crowding-oversp:iciiig ) 

B. With respect to occlusion: 
1. Overjet (horizontal overbite) 
2. Overbite (vertical overbite) 
3. Sagittal relation in the molar region. 

All the deterininations were made with the technique described 
by Lundstriiirz ( 1948), except that  the pa1at:il vault was iiieasured 
with an  accuracy of k 0.5 nini, instead of Lundstriim’s k 0.1 mui. 
The procedure in the various ine:isurements was a s  follows, 

A. 1. The width of the dental arch was iiieasured (with an  ac- 
curacy of f 0.1 i i i i n )  with sliding calipers a t  the first preiiiolars 
(€31) and at  the first niolars (132). In the upper jaw, the iiieasur- 
i n s  points were the inidpoints of the fissures on the first pre- 
molars, :md the deepest points in  the central fossae of the first 
molars, respectively. In the lower jaw, HI represents the distance 
between the most lingual points on the crowns of the first pre- 
molars, and 132 the distance between the lingual surfaces of the 
first molars, iiieasured between the iuesio-lingual :tnd disto- 
lingual cusps (Fig. 1 a ) .  
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Fig. 1 a. Measurement of the width of {he dental arch at first premolars ( H I  ) 
and first molars (B2) and the length of tllc dental arch (L) 

(after L m d s t r o m ) .  
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2. The length ot the drntril arch was ~ne:~sured with calipers 
according to Korkhcrns, modified by Licndstriim to measure i n  
three dimensions (Fig. 1 b) .  The nieasurements are carried out 
as  follows: The points of the calipers are adjusted to the distance 
between the measuring points on the first molars by me:ins of a 
scale on a bar between the caliper points. It is attached to  one 
of these points and runs in a slide :it the other. The reading is 
iiiade at one edge of the slide. Another metal bar runs froin the  

1:ig. 1 b. Three-dimensional calipers (indicatcd by Korfihnus, modified by 
Iandsfr i in i i  for measuring the length of the dental arch, the height of the 

palatal vault and  the inclination of the upper medial incisors 
(after L i i n  d s  t rom I .  

b:ir between the points of the cnlipers. It is :idjustable laterally, 
YO that one end c:in :ilw:iys be placed in the centre of the distance 
between the points of the calipers. For measuring the length of 
the dental arch, the points :ire placed in the central fossae of the  
first mol:irs, the runner being adjusted so that its posterior upper 
edge is on a level with the iiiidpoint of the edge of the medial 
incisors (Fig. 1 b) .  

3. The height of the palntnl uciirlt was iiieasured with a n  ac- 
curacy of t 0.5 iiini, :it right :ingles to the plane of occlusion in 
the line connecting the nieasuring points on tlie first molars, and  
to the highest point of the vault (usually in the midline). The  
;iforementioned calipers were used and placed in tlie same way 
:is in Ineasurement of the length of the dental arch. A semicircular 



Fig. 1. Aleasuremeiit of the height of the palatal vault (after Lizndstrsni). 

rod with :I 0.5 111111 scale, iiiovable vertically through a hole in the 
iiietal bar, was used to measure the height of the p l a t e  to within 
0.5 111111 (Fig. 2 ) .  

3. The incisor inclincrtion was also iiieasured with the three- 
dimensional calipers, applied in the s:iiiie way as in nieasure- 
went of the length of the dental arch. The slide is provided with 
a hinged rod, which can be adapted to the labial surface of the 
tooth (Fig. 3 ) .  The value for the incisor inclination was obtained 
by nieasureinent of the dist:ince between the posterior endpoinl 
of the :iforenientioned rod and the posterior end of the slide, 

Fig. 3 .  Measurement of the ineliliation of the upper incisors 
I after Luridstroni) .  
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1 inn1 corresponding to :ipproxiniately 6.3". Only the inclination 
of the inedial incisors was calculated. Each was measured se- 
parately; when their inclination differed, the iiieaii value w a s  
used. 

5. The dentczl circh spttce w:is measured, with :in accuracy of 
-t 0.1 nini, with the help of the sliding calipers. The teeth were 
measured by pairs, starting with the first inolnr and second pre- 
molar on the left side (K1).  The measuring points were the dist:il 
contact points of the first molar and first premolar. The iiieasure- 
nients were then continued with the first preiiiolar and canine 
( K f ) ,  u p  to and including the first iiiolar on the right side. To 
the sum of the figures for these groups (K1 to Ka)  w:is added any 
niedi:il diasteinn (Fig. 4 ) .  The suiii of the corresponding tooth 
widths ( M i  . . . M i )  w:is subtracted froiii this figure. A positive 
value thus denotes overspacing, and ;I negative value crowding. 
It should he inentioned that the completely regular dental arch 
is not characterized by a numerical value of zero hut, a t  any rate 
in the upper jaw, by a \ d u e  of about 1- 1 iiiiii ( c f .  Luntlstrijm, 
1944, 1951). 

U. 1. The overjet was measured, with an accur:icy of f 0.5 111111, 
:it the two medi:rl incisors, using a spatula graded in niilliineters, 
with its tip ground down. The overjet is given a s  the mean of the 
distance froiii the labial surface of the left lower medial incisor 
to the midpoint of the edge of the left upper 1nedi:il incisor, nnd 
of the same distance between the right lower medinl incisor and 
the right upper iiiedial incisor. The distances were ineasured 
pmillel to the plane of occlusion and at  right angles to the dental 
arch (Fig. 5 ) .  When the 1nedi:il incisors of the upper jaw were 
worn, the iiieasureiiient was made froiii the labial margin of the 
worn surface. 

2. The ozierbite was also measured :it the medial incisors, and 
is given as the mean value of the distance from the edge of the 
left lower iiiedial incisor to the point on its labial surface a t  which 
the spatula wws placed in inensuring the overjet, and of the s:iiiie 
distance on the right lower iiiedial incisor. This point was iiiarked 
with a sharp pencil, and the distance iiieasured with :in nccur:icy 
of f 0.1 iiiiii, using the sliding calipers. A frontally open bite is 
denoted by a negative distance, and the other cases by positive 
ones. 
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Fig. 6. Measurement of sagittal molar relation (after L t m d s f r o m ) .  

3. The  srrgittal relation was determined a t  the first molars. 
Cases in  which the niesio-buccal cusp tip of the upper tooth ini- 
pinged on the deepest p i n t  between the niesio-buccal and centro- 
huccal cusps of the lower tooth have been denoted as normal 
occlusion. This value is given a s  0. Every forward displacement 
of the lower jaw is denoted by R positive value, and a hnckward 
displaceinent by a negative value. Vertical lines were niade with 
:I sharp pencil on the mesio-buccal cusp tip of the upper tooth, 
and on the aforeiiientioned fissure of the lower tooth, and the 
distance between them (in the sagittal direction) iiieasured with 
the sliding calipers with an  accuracy of * 0.1 niin (Fig. 6 ) .  

EIlIlOR OF THE BIE'I'HOI) 

I n  order to deteriiiiiie the error of the iiiethod, 25 cases in 
which the ninjority of nie:isurenients could be niade were taken 
from the total niateriol. Double detcrininations were iiiade in  
these cases, and the error of the iiiethod calculated by use of the 

formula oi == 1/y, in which d is the difference between two 

determinations, and n the nuinber of double determinations. The 
results, recorded in Table 3, in most cases show higher values 
than those obtained by Lz~ndstriim (1948) and Z,yselZ (1955) for 
corresponding iiie:isureiiients on plaster iiiodels. 

The following are among the possihle c:iuses of the more un- 
certain values obtained in nieasurements on the present series 
of crania than in  nieasureiiients on plaster iiiodels, 
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Table 3 

Measuring error in inin for the mesio-distal tooth width, dental arch spar 
(total spuce K 1-K ti and medial diastema), i ~ i d t h  of dental arch (B, and &), 
length of denial arch (Ll and Lr), incisor inrlination (inc. inelin.), palatal vault 

molar relation (S.M.1 and S.M.r.1, overbite and overjet 
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Mcdial diasteina 
Total space ...... 
H, .................. 
R, .................. 
L1 .................. 
Lr .................. 
Inc. inclin. ...... 
Palatal vaul t  . . .  - .~ ~~ ~~ 

1 IJ 1' p e r j a w 
~ 

Right 
11 'Ji 11 fli 

21 0.08 

I Left 
Tooth 110. 

1 1 22 0.09 

2 1 19 0.09 19 0.12 

6 ' 24 0.25 22 0.23 
7 ' 22 0.29 22 0.24 

3 23 0.11 22 0.15 

4 1 23 0.09 23 0.09 
5 22 0.12 23 0.09 

8 ' 18 0.26 14  0.33 

5 0.08 3 0.06 
20 0.48 22 0.49 
21 0.37 22 0.26 
19 0.50 23 0.26 
1 7  0.27 1 8  0.21 
14 0.31 17  0.28 
15 0.29 
18 0.30 

S.RI.1 ......... 
S.bl.r ......... 
Overbite ...... 

I . o w e r  j a w  

Left Right 
n ci n ci 

23 0.12 22 0.06 
23 0.12 23 0.08 
23 0.18 22 0.1c 
22 0.10 25 0.10 
25 0.11 23 0.14 
23 0.17 24 0.18 
25 0.13 23 0.21 
13 0.19 16 0.13 

~~~~ ~ 

14 0.2fi 
13 0.16 j 
24 0.10 

Upper ~ o \ v e r /  
jaw - j a w 

11 ci 

1. Measurement froin a point on a tooth iiiovable in its alveolus 
to  points beyond this tooth must, owing to the motility of the 
tooth (niotility of the point), be more uncertain than at  corre- 
sponding 11ie:isureiiient on a plaster niodel. 

2. On the severely worn teeth of the crania, i t  is often difficult 
to determine the greatest mesio-distal width of :I tooth. 

3. It is easier on a plaster model than on glossy dental and hone 
surfaces to obtain :I foothold for the edges and points of the 
sliding calipers, so that they do not slip. 
4. Certain iiieasuring points :ire less distinct in the crnninl 

iuaterinl. 
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RESULTS 

Width and Length of the Dental Arch 

Height of the Palatal Vault 

The results :ire given in Table 4, in which are  recorded the 
nieuns, the standard errors of the iiieans and the standard devin- 
t i m s  for the width of the dental arch nt the first premolars ( ISI J 

and the first iiiolars ( H z ) .  Table 4 also shows the length of the 
dental arch (L)  in both the upper :rnd lower-jaw, and the height 
of the palatal vault ( P v ) .  

No signific:int differences :ire present between the various age 
groups (juvenile, adult :ind iiiature). Since the groups :ire siiiall, 
the values are, however, relatively uncertain. 

If the material is classified by sex, higher values :ire generdly 
noted for men than for wonien (Table 5 ) .  

With respect to the wirious ch:irncteristics, the collected vulues 
for all the groups :ire in close agreement with those found h j  
Lirndstrbm Z,gself ( 1953)  in ;I Danish inaterial from the S ; I I I I ~  

period. 
A comparison with Ltrntlstrdni's investigations of :I Swedish 

stone age :ind inedieval series shows good :igreement with re- 
spect to e.g.  the width of the upper j aw (Tahle 6). 

The question whether the width of the dental arches h:is de- 
creased in the course o f  1iistoric:rl tiiiies is :I matter of pnrticul:ir 
interest. 

Although Ltrndstrijni found significant differences between his 
medieval and present-day iiiuteri:il, he did not ascribe decisive 
iniportance to this observation, owing to the uncertainty regard- 
ing the representativeness of the foriiier niaterial. As far :is iiien 

are concerned, the present writer noted :I similar difference 
(d i f f .  U1 upper jaw: 1.50 k 0 .50  iiini, t = 3.00**; diff. Bz upper 
jaw:  2.50 * 0.84 nini, t = 3.91"**). In women, a tendency in the 
sanxe direction is present (diff. HI upper jaw:  1.10 k 0.58 111111, 

t == 1.90; diff. B1 upper jaw: 1.30 ? 0.57 n i i i i ,  t = 2 . 2 8 9 ~ ) .  
A study of the results of  wirious investig:itions on present-d:ry 

Swedish inaterial (1~itntlstri)ni; Seipel; Lyse l l )  also discloses 
significant differences, i .e. ,  I31 upper jaw, inen (Lundstriim; L!J- 
sell)  : diff. 1.5 min, t = 3.00"*, and 132 upper jaw, woinen Seipel; 
ZAvsell) : diff. 1.7 ~iiiii, t = 3.7X*"Cc". Naturally, these differences 
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are not necessarily real ones, but may be partly due to differences 
in the measuring technique. Differences in the values in present- 
day series may, in fact, be dependent on systematic differences 
between the investigations. In such series, there is a considerable 
incidence of occlusal fillings in the teeth in question (first pre- 
molars and first molars), so that it is often difficult to fix the 
measuring points accurately. It is therefore conceivable that one 
worker may consistently place the measuring points further lin- 
gually than another. 

A further possible explanation of the differences in the width 
of the dental arch is that, owing to early extraction of deciduous 
teeth, the first molars have migrated niesially and have then 
lodged in a inore anterior and narrower part of the jaw. If the 
number of such cases of extraction differs in the respective 

OCCLUSION A N D  DENTAL ARCHES IN MEDIEVAL SKULLS 

Table 6 

IVidth in tnm of dental arch of upper j a w  a t  first premolars (B, )  and firsi molars (B?)  in 
some series from various periods. LTnless otherwise stated, ihe material is Swedish 

Author 

Lundstriim 
n 

n 

>> 

Lundstriim B 
Lysell 

Lundstrijm B 
Lysell 

Lysell 
a 

LundstrOm 

Seipel 

>> 

Lysell 

Stone Age 1 14 c? 36.8 k 0.5 2.0 

Medieval ' 43 d" 37.2 & 0.4 2.3 
n 5 $2 35.6 

w 

)> 

(Danish) 

Medieval 
:Ihriisli) 

Medieval 
>> 

Present-day 

Present-day 
(21 yrs) 

Present-day 
(21 yrs) 

Present-day 
(21-24 yrs) 

n I'rcsen t-day 
I 
I (21-24 Y ~ S )  

1 4  9 36.6 & 0.7 2.6 

51 d 37.7 k 0.3 2.3 

35 $2 3G.5 & 0.4 2.3 

22 d' 37.9 & 0.4 1.9 
14 p 35.8 0.5 1.9 

48 6" 34.9 & 0.4 3.0 

57 d 36.1 0.3 2.3 

142 $2 34.3 k 0.2 2.2 

48 6 36.4 0.3 2.2 

19 p 34.7 & 0.3 1.9 

B2 - 
11 Sex x k E ( X )  

16 d' 48.9 0.9 3.5 
7 $2 48.1 
7 d" 49.5 * 0.4 2.9 

44 d 50.5 & 0.5 3.2 

32 9 49.2 i 0.5 3.0 

34 $2 49.6 & 0.6 2.7 

19 6" 50.2 k 0.4 1.9 
16 $2 47.9 & 0.4 1.7 

41 6" 47.3 O.G 3.8 

55 c? 46.6 & 0.5 3.4 
I 

135 $2 44.9 li: 0.2 2.8 

48 d 47.7 F 0.5 3.4 

47 $2 46.6 k 0.4 3.5 

15 - Acta otiont. Scand.  l7ol. l(i 
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series, this inny contrihute to the discrepncies  between thern. 
In the series of the present author, which shows the highest 
values in both the :iforeinentioneti comparisons, there were only 
few extractions. In this series, a l l  the teeth (excluding the second 
and third niol:irs) were present in N O  per cent of the cases. 

In the reniaining 20 1)er cent ‘ 2 0  cases ) ,  the inissing teeth v;erc 
distributed as  follows: c:inines, 2 cases; one preinolar (on one or 
both sides), 14 c;ises; first inolnr (on one or  hoth sides), 4 cases. 
The niol:irs were presumably exlracted on the grounds of c:iries, 
whereas the rcinnining inissing teeth were extracted chiefly on 
account of crowding, often in combination with :I narrow jaw. 
In such cases, the teeth inigrate niesi:illy and, here a s  well, lodge 
in ;t more anterior and n:irrower part of the jaw. In these cases 
:iny incasurcinents possible were ni:ide without tnking into ac- 
count the 1nesi:il niigration. 

Only 6 of  the 20 c:tr;es (about 12 per cent) belonged to the 
ni:ile group; consequently, tlie extrnctions had only :I liiriitetl 
effect on the value for this group. 

To suiii up, i t  can be stated with respect to these coinpurisons 
of the width thal  they give the sanie indications :IS Lundstroni’.~ 
results regarding tlie difference between the conditions in  the 
Middle Ages and those of the present day. II’hether these dif- 
ferences can be taken :IS evidence that :I decrease in the width 
of the dental arch has, in fact, taken p h c e  since the former 
period is highly dependent on the represent:itiveness of the me- 
dieval material. There is an inevitable risk that  such series may 
represent sni:ill isolates, with closely reh ted  individuals. The fact 
that the values froin such divergent regions a s  Sjiilland (Den- 
 nark), ,Janitland (northern Sweden) and Gotlund (:in iskind in  
the Baltic) are in good agreement nevertheless speaks against 
this supposition. 

Even if the question of the representativeness of the medieval 
inaterial is disregarded, however, i t  cannot be definitely deter- 
mined, until a sufficiently large present-day mater id  without 
loss of teeth is available, whether any actual decrease i n  width 
of the dental arch has occurred from the Middle Ages to the 
present day. This is because such losses, accompanied by mesi:rl 
migration, can produce a decrease in width at  the first molars 
that cannot be calculated exactly. On the other hand, extraction 
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in present-day material of, for exnmple, deciduous 1nol:irs or 
periii:inent first inolnrs can cause distal niigr:ition of first pre- 
1no1:irs. They will then he lodged Inore posteriorly in the arch, 
i .e . ,  in :I wider part of it than w-ould be possible in  :I jaw with 
the full colnpleinent of teeth. However, exclusion of the cases 
with extracted teeth, in which there :ire often narrow jaws with 
crowding of teeth, would ohviously prejudice the represenla- 
t iveness of the present-day ni:~teri:iI. 

There were, however, few extr:ictions of permanent teeth in  
the present-day material used in this investigation. In :I coiii- 
p r i s o n  with the medievnl in:rteri:il, the width of the dental :irch, 
at both the first preiuolnrs and first inolnrs, showed significantly 
lower values in men, :md :I similar tendency in women. Conse- 
quently, it inny be w:irrnntetl to :issuiiie that :I decrease in width 
of the dental arch has occurred from the Middle Ages to the 
present day. In  view of the 1iinit:ition of the material, however, 
such a conclusion must be mide  with the utmost caution. 

~ C C L L - S I ~ N  m n  I)ENTAL m c m s  IS MIEI)~F.YAI, SKCI,LS 

Dental Arch Space 

Owing to the large nuinber of teeth missing, cnlculation of the 
dental arch space could be iii:itle in :I few cases only. The values 
recorded in Table 7 are  therefore uncertain, and do not permit 
any comp:irisons with results of other investigations. 

Sagittal Relation in the Molar Region 

The s:igittal relation of the jaws showed only :in innppreci:ible 
t1evi:ition from the norai:il position (= 0 . 0 0 ) .  In the mature 
group, extensive attrition had resulted in mirked  wearing down 
of the cusps of the first rnolars. Consequently, inensureiiients. 
could be made on either side in two cases only (Table 8).  

Overbite and Overjet 

The tendency with increasing age to decreased overbite and 
overjet, 1):irticulnrly the foriner, that nus observed by Lzindstriiiiz 
& Lysell  (1953) was also apparent in the present series. The 
material is, however, too small to permit definite conclusions. 
A coinparison between the overbite in the juvenile and the inature 
group nevertheless indicates n decrease (2.3 1 k0.57 and 0.24k0.54 
111111, respectively; 0.02 > 1) > 0.01) ; see Table 8. 



T
ab

le
 7

 
D

en
ta

l 
ar

ch
 s

pa
ce

 i
n 

m
m

. 
P

os
it

iv
e 

va
lu

es
 d

en
ot

e 
ov

er
sp

ac
in

g.
 S

eg
af

iu
e 

va
lu

es
 d

en
ot

e 
cr

ow
di

ng
 

3
1

 
-
 0.1

2 
k 

0.
28

 
1.

61
 

9 
-
 0

.3
2 

&
 1

.4
1 

4.
24

 
2 

+ 0
.8

5 
&

 1
.6

5 
2.

32
 

t'
pp

er
 

7 
+ 

1.
51

 k
 1

.4
9 

3.
95

 

ja
w

 
I 

L
ow

er
 

G 
+ 0

.7
3 

& 
1.

33
 

3.
26

 
' 

16
 
-
 0

.2
9 
f. 

0.
60

 
2.

41
 

' 
12

 
-
 0.

75
 f
 0

.7
7 

2.
68

 

ja
w

 

18
 

+ 0
.5

2 
2 

0.
92

 
3.

89
 

34
 
-
 0

.2
7 

_t
 0

.4
5 

2.
63

 

.
 

~
-
 

T
ab

le
 8

 

Sa
gi

lt
al

 r
el

al
io

n 
in

 t
he

 m
ol

ar
 r

eg
io

n.
 o

ve
rb

ite
 a

nd
 o

ve
rj

et
, 

an
d 

in
ci

so
r 

in
cl

in
al

io
n.

 A
ll

 v
al

ue
s 

in
 m

m
. 

F
or

 t
he

 i
nc

is
or

 i
nc

li
na

ti
on

, 
1 

m
m

 c
or

re
sp

on
ds

 t
o 

ap
pr

ox
im

al
el

y 
6.3
' 

J 
u 

v 
e 

n 
i 

1 
e 

A
d

u
l

t
 

M
a

t
u

r
e

 
~ 

11
 

x * 
(3
 

(r
 

M
ol

ar
 r

el
. 

ri
gh

t 
..

.I
 

9 
-
 0

.3
0 
2 

0.
35

 
1.

04
 

Jl
ol

ar
 r

el
. 

le
ft

 ..
._

_
. 9 
-
 0

.3
6 

5
 0

.3
9 

1.
16

 

O
ve

rb
it

e 
..

._
_

..
._

..
.,

 
9 

2.
31

 
0.

67
 

1.
71

 

O
ve

rj
et

 .
_

..
_

_
..

..
..

..
.~

 
9 

3.
50

 f
 0

.3
7 

1.
10

 

In
ci

so
r 

in
cl

in
 ..

..
..

. 
8 

13
.3

0 
2 

0.
28

 
0.

80
 

I 

-
 

~ 
~~

 
-
 
.
-
 

-
-
 

_
_

_
_

 
~~

~ 

24
 
-
 0.

04
 &

 0
 4

2 
2.

07
 

23
 

-0
.1

9 
2 

0.
35

 
1.

67
 

20
 

1.
67

 &
 0

.4
1 

1.
83

 

20
 

3.
25

 &
 0

.3
8 

1.
70

 

15
 

13
.0

4 
&

 0
.1

9 
0.

74
 

-
 

~ 
~ 

2 
+ 

1.
05

 &
 0

.0
7 

0.
10

 

2 
+ 

1.
70

 k
 1.

70
 

2.
40

 

9 
0.

24
 f
 0

.5
4 

1.
62

 

10
 

2.
16

 
0.

69
 

2.
17

 

1
 

14
.2

 
~

.
 

~~
 

d m
 

1'
: i 

T
o

t
a

l
 

n 
! 

39
 

3.
03

 f
. 

0.
28

 
1.

76
 

I 
21

 
13

.5
5 

&
 0

.1
6 

0.
77

 
~

- 
-~

 
- 

~ 
-
 



OCCLUSION AND DENTAL AIWHES 1 9  MEDIEVAL SKULLS 195 

Table 9 

Overbite and overjet in mm in various series 

I 

I 0 v e r 1) i t e O r e r j e t  Author Period 
I n i i + ~ ( X )  l 11 x * E (X) f7 

I 

I.y.sel1 I I 

Lysell > 38 1.48 & 0.30 1.87 39 3.03 + 0.28 1.76 

Lundstrom S Medieval !I4 2.09 k 0.20 1.84 95 2.24 & 0.20 1.95 
I 

I 

I 

1 rAundstr6m (d) 1 Present-day 52 3.3 2 0.3 2.2 52 2.8 0.2 1.6 
I 1 1 1 Seipel (6') 1) 243 3.20 2 0.14 - 244 2.52 * 0.12 - 

>> 

I (3)  B 1) ' 249 3.46 2 0.13 - ' 250 3.41 0.13 - i ~~ ~~~ 

,- 1 .  I , , .. n -  .1. 1 .. . . .  Loniparea to  Limasirom R- Lyseii s values, tne overjet IS greater 
in the present material, the respective figures being 3.03 k 0.28 
and 2.24? 0.20 111111; p = 0.02. The probable reason is that  the 
mature group, in which the overjet is less than in  the younger 
groups, is underrepresented in the present material (Tables 8 
and 9 ) .  

The relation between overbite and overjet is shown graphically 
in  Fig. 7. In the two younger groups, overbite and overjet largely 
coincide. In the oldest group, on the other hand, the overbite i s  
0 except in two cases, whereas the overjet varies. The two excep- 
tions consist of one case of marked postnormal occlusion, and 
one with a frontally open bite, which was probably due to attri- 
tion alone. 

As far  a s  the incisor inclination is concerned, no difference 
could be demonstrated between the groups. The mean value for 
the whole series is in good agreement with that found by Idrind- 
striim & Lysell .  

GENERAL ORSER\';I'I'IONS 

Already in a cursory study of the niaterial a striking feature 
was the iiiarked attrition present even in  young individuals. Since 
this matter will be dealt with in a later paper, no further dis- 
cussion will be entered into here. 
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- 1  ' 

-2 . 0 

0 

OVERBITE 

s 

0 
@ 

Fig. 7. Relation between overbite 
(Iiorizontal overbite) 

5 6 7MM OVERJET 

(vertical overbite) and overjet 
measured i n  inm. 

Anoiiialies were observed in the forin of r.et:tiiied deciduous 
teeth (lower second deciduous inolars : Fig. 81, impacted teeth 
(canines, third iiiolars), :iplasi:i (upper lateral incisors, third 
molars), rotated teeth, iiiarked crowding, postnorinal and pre- 
normal occlusion. In  fact, all  types of anonlaly that  :ire seen 
nowadays were found. Since no roentgen examinations were 
made, no prevalence figures can be given for the nuiiierical :ino- 
mnlies and imp:~t ion of teeth. 

In many cases :I several inillinieter thick deposit of supra- 
gingival tartar w a s  present on the 1ingu:iI surfaces of the lower 
incisors and on the buccal surfaces of the upper first (and se- 
cond) molars. 

The difference in the incidence of caries is perhaps the most 
conspicuous feature in a coinparison hetween this medieval 1118- 

terial and present-day series. 
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Fig. 8. Retained left lower second deciduous molar in adult woman. 
Roentgenologic examination confirmed aplasia of corresponding permanent 

tooth. Conditions similar in right half of the j a w .  

A s  pointed out e.g. by Eider & Werner (1936) considerable 
sources of error exist in registration of caries in cranial material. 
In the present series, the author has counted as caries only such 
lesions in which distinct loss of substance was found. In a cranial 
iiiaterial such as the present one, it cannot be determined macro- 
scopically whether or not dark streaks in  the fissure system, in 
which a probe might fasten, are actually carious. Only section- 
ing and microscopic ex:unination could give an answer to this 
question but, for obvious reasons, such a procedure is iinpmctic- 
able. 

In 4 of the 48 Inen, caries was present in one tooth. Of the 49 
women, 10 had altogether 28 teeth affected. Thus, in the whole 
inaterial, altogether 32 teeth were found to be carious; 22 of 
them were in the lower jaw and largely in the iiiolar region 
(Table 10) .  

It can be iiientioned that Rgyge (1913), Mellguis t  & Sandberg 
(1937) and Cristophersen (1938, 1939, 1941 a and 1941 b) ob- 
served a low prevalence of caries in early Scandinavian illaterial 
from various periods. No comparisons can, however, he made 
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Table 10 

Total number of carious feeth in  the present Swedish medieval skull material 

L J p p e r  j a w  
’ Tooth So.  involved 

L o w e r  j a w  
Tooth No. involved 

with the present series, since the aforeiiientioned authors re- 
corded the carious lesions in a different way. 

It does not seeiii feasible to give any percentage figures for 
caries in a crminl  material such as  the present one. This is be- 
cause the teeth iiiissing intra vitam iiiay have been lost owing 
to caries, or through coinplete wearing down, or in some other 
way, such as due to trauma. Consequently, any prevalence figures 
would be unreliable. 

A coiiiiiion feature seeiiis to have been periapical destruction, 
in inany cases probably due to  severe, rapid attrition. Since no 
roentgenologic exa i lha t ion  was made, no prevalence figures can 
he given. In nuiiierous cases, however, the buccal bone surface 
had been perforated, and cavities of bone destruction the size 
of beans or hazel-nuts were seen. 

Recordings are made in 9 7  skulls froiii a iiiedieval northern 
Swedish material of the width and length of the dental arch, the 
height of the palatal vault, dental arch space, incisor inclination, 
sagittal relation in the molar region, and the overbite and overjet. 

The magnitude of the ineasuring error is determined for all 
the aforeiiientioned characteristics. It is found to be larger than 
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in corresponding ineasureinents on plaster models. This is sug- 
gested to be due to the following factors, among others, 

Measureinent froiii a point on a tooth movable in its alveolus 
to  points beyond this tooth must, owing to the inotility of the 
tooth (motility of the point), be more uncertain than a corre- 
sponding iiieasurenient on a plaster model. 

In the heavily worn teeth of the crania, it is often difficult to 
determine the greatest mesio-distal width of a tooth. 

It is easier on :I plaster model than on glossy dental and bone 
surfaces to obtain a foothold for the edges and points of the 
sliding calipers, so that they do not slip. 

Certain iiieasuring points are less distinct in the cranial iiia- 
terial. 

Chiefly owing to the large nuiiiber of teeth lost post mortern, 
the nieasurable inaterial is reduced to such a degree that  coiii- 
p r i s o n s  with other material are hampered. The results a re  
nevertheless largely in agreement with those obtained by Lund- 
strorn & Lysell  in :I medieval Danish iiiateri:il. 

The dental arches are found to be narrower in the author's pre- 
sent-day inaterial than in the medieval material. For example, 
the width at  the upper first inolars in men shows a decrease of 
2.50 k 0.64 iiiin ( t  = 5.91*'k'k) and in woiiien of 1.30 ? 0.57 nini 

( t  = 2.2Xq). Whether this decrease in  width is to  be taken as 
evidence that the dental :trch has actually decreased in  width 
froin the Middle Ages to the present day is highly dependent on 
the representativeness of the medieval material. There is a n  
inevitable risk that such Iii:iterial may originate from a small 
isolate with closely related individuals. The fact that  values 
from such divergent regions a s  Sj alland (Denmark) ,  Jaintland 
(northern Sweden) and Gotland (an  island in the Baltic) are in  
good agreement nevertheless speaks against this hypothesis. 

Even if the representativeness of the inaterial i s  disregarded, 
i t  cannot be determined with certainty whether a n  actual de- 
crease in width has  occurred until sufficient present-day inaterial 
without loss of teeth is available. This is because loss of teeth, 
:iccoiiipanied by iiiesial migration, may produce :I decrease in  
width at the first molars that cannot be determined exactly. On 
the other hand, extraction in present-day inaterial of, e.g., de- 
ciduous molars or perinanent first molars can cause distal iiiigra- 



200 LEN X ART LY S ELL 

tion of first premolars. They will then he lodged iiiore posteriorly 
i .e.,  in a wider part of the arch. Exclusion of the cases with 
extracted teeth, in which there is often :I narrow jaw with crowd- 
ing of teeth, would obviously prejudice the representativeness 
of the present-day in:iterial. 

Few extractions of pernianent teeth had taken phce,  however. 
in  the present-day inaterial used here. In  a comparison with the 
niedieval material, the width of the dental arch, :it both the first 
preiiiolars and first molars, shows significantly lower values in 
men, and :I siinilar tendency in women. Consequently, it iiiay 
be warranted to assuiiie that a decrease in width of the dental 
arch has occurred froiu the Middle Ages to the present day. It 
is stressed that, in view of the limitation of the present niaterial, 
such a conclusion can be made only with the utmost caution. 

Among other ohserwtions in the i1i:iterial :ire the marked attri- 
tion, frequent occurrence of supragingival tartar, and the low 
prevalence of dental caries. 

RBSUME: 

UNE ETUDE BIOMETRIQUE DE L’OCCLUSION ET DES ARCADES DEN- 

DU NORD DE LA SUQDE (JAMTLAND) 
TAIRES SUR UN ENSEMBLE DE C R ~ N E S  DU MOYEN-AGE PROVENANT 

Sur 97 cas provenant d’un ensemble de crrines du nioyen-age 
du J lmtland,  il :I &ti. procCdC a l’enregistrenient de ]:I largeur 
et de la longueur des arcades dentaires, de I n  hauteur du palnis, 
de  1’Ctendue des arcades dentaires, de l’inclinaison incisive, des 
relations sagittales dans ]:I rcgion inolaire, des rapports d’en- 
g r h e m e n t  incisif dnns le sens vestibulo-lingual et dans le sens 
vertical. 

En  raison du  grand noinbre de pertes deiitaires survenues post 
iiiortem, I’ensemble utilisable :I d’abord 6tC rkduit jusqu’h ce 
que la coinparaison avec d’autres observations soit justifiable. Le 
resultat concorde cependant dans l’ensemble avec les rCsultats 
obtenus par Liindstriim & Lysell a partir d’observations prove- 
nant du Daneinark du nioyen-Sge. 

L’ensemble de sujets conteiiiporains observiis par I’auteur i d -  
sente des arcades dentaires plus Ptroites que celui du moyen-8ge. 
Ainsi, la largeur :iu niveau par exemple des preiiiihres iiiolaires 
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supkrieures prksente chez l’hoiiinie une diiiiinution de 2,50 ? 0,64 
111111. (t = 3,919t9c9c) et chez la feiiiiiie de 1,30 k 0,57 iiiiii. (t == 

2,28*). La diiiiinution de largeur ainsi trouvke peut-elle &tre 
considlrke coiiiiiie faisant preuve clue la  largeur des arcades ait 
diiiiinuk du nioyeii-Age a nos jours? Cette question est intiiiie- 
iiient like au probl6nie de la valeur reprksentative des ohserva- 
tions du nioyen-Age. I1 existe toujours un certain risque pour 
qu’elles soient constitukes d’ilots d’indivitlus de proche parentP. 
Contre cette hypothhse parle cependant le fait que les valeurs 
trouvkes h des endroits aussi diffkrents que l’ile de Seeland 
(Daneiiiark), le Jliiitlarid (Sukde du Nord) et l’ile de Gotland 
(dans I n  iiier Baltique) concordent fort bien. Mais iii&iiie sans 
teriir coiiipte de cette question de 1:i valeur reprksentative, il est 
impossible de dkteriiiiner avec certitude si une v6ritable diiiiinu- 
tion de largeur a eu lieu, avant d’avoir accks h un enseiiible iiio- 

derne suffisaiiiiiient Ctendu d’observations sans pertes dentaires: 
a la suite des iiiouveiiients de iiiPsialisation ces pertes yeuvent 
en effet dkteriiiiner des diiiiinutions de largeur dont I n  valeur ne 
saurait &tre calculke avec exactitude. 

Pariiii les autres reiiiarques effectukes sur  ces observations oii 

peut citer I’intense abrasion, I’abondance des calculs supra-gin- 
givaux et la  faible frkquerice de la cnrie dentaire. 

ZUS AMU EN FA SSZ‘NC 

EINE BIOMETRISCHE UNTERSUCHUNG DER OKKLUSION UND DER 
ZAHNBOGEN BE1 MITTELALTERLICHEM, NORDSCHWEDISCHEM 

SCH~DELMATERJAL 

Bei 97 iiiittelalterlichen jaiiitllndischen Schldeln ist die Zahii- 
bogenbreite und Lange, sowie die Gauiiienhiihe, Zahnhogenweite, 
Inzisivneigung, Sagittalrelation iiii Molarengebiet, vertikaler und 
horizontaler Uberhiss, registriert worden. Das verwertbare Mate- 
rial ist, vor alleiii auf Grund des haufigen Ausf:illens von Zlhneri 
post iiiortem in solcheiii Grade reduziert worden, dass ’\‘ergleiche 
iiiit andereiii Material erschwert sind. Iiii Grossen und Ganzen 
stiiiiiiien jedoch die Resultate iiiit denen uberein, die Lundstrom 
& LyseZZ bei iiiittelalterliclie~i, danischen Schadeln fanden. Das 
neuzeitliche Material des Verfassers hat schiiialere Zahnbiigen 
als das mittelalterliche. So ist z. B. der Breitenabstand zwischen 
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den ersten Oberkieferinolaren bei Miinnern uiii 2.50 If: 0.64 iiiiii 

( t  = 3.91**14) und bei Frauen u in  1.30 rt 0.57 ( t  = 2.2s4) verinin- 
dert. Die Fr:ige, ob die in den Resultaten auftretende Breitenver- 
minderung als Beweis fur eine j’eriiiinderung der Bogenbreite 
voiii Mittelalter zur Jetztzeit angesehen werdeii kann, h lng t  iiiit 
der Frage der Repriisentativitat des iiiittelalterlichen Materiales 
intiin zusaiiiiiien. Es besteht naturlich iiiiiner die Gefahr, dass 
das Schade1iii:iteri:il iiiehr oder weniger von nahe verwandten, an  
isolierten Orten lebenden Individuen stRiiinit. Dagegen spricht 
jedoch die Tatsache, dass Werte von so verschiedenen Fundpl l t -  
zen wie Seeland (Daneiiiark), dliiitland in Nordschweden und 
Gotland (Insel in der Ostsee) recht gut ubereinstiiniiien. Auch 
wenn iiian von der Frage der Reprasentntivitat nbsieht, k:inn man 
nicht iiiit Sicherheit entscheiden, ob eine Breitenminderung statt- 
gefunden hat, hevor iiian Zugang zu susreichend unifassendein, 
neuzeitlichein Material ohne Zahnverluste hat. \Venn solche Zahn- 
verluste Mesialwanderungen zur Folge haben, 1t:tnn es zu \’el.- 
niinderung der Iheitenwerte koiiiiiien, die nicht exnkt berech- 
net werden ltiinnen. 

Gleichzeitig iiiit anderen Heobachtungen bei deiii untersuchten 
Material, kann inan krlftige Abrasionen, reichliches \’orkoiniiien 
von supragingivaleiii Zahnstein sowie niedrige Koriesfrequenz 
vernierken. 
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The Vipeholm 
Dental Caries Study 

Copies are available of this comprehensive report in English 

of the important study of the effect o f  carbohydrate intake 

on caries activity in humans mode by  the Swedish Royal 

Medical Board 19461952. 

The report is a book of 193 pages reprinted from ACTA 

ODONTOLOGICA SCANDINAVICA vol. 11, nos. 3-4, 1954. It 
can be obtained from ACTA ODONTOLOGICA SCANDINA- 

VICA, 53, Nybrogatan, Stockholm, Sweden. Price in Scandi- 

navia: 25 Swed. kr. Price outside of Scandinavia: 5 U.S. Dollars 

or equivalent in other non-Scandinavian currencies. 


