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ABSTRACT: The authors compared arch width measurements of diagnostic dental models ob- 
tained from dental school patients. Arch width measurements were taken in the canine area on 
each dental cast in an effort to assist forensic dental investigators in matching certain classes of 
subjects to the bites they might possibly inflict. If any canine teeth were absent, the measure- 
ments were taken using other specified adjacent teeth which the investigators felt would be inter- 
preted as the arch width determiners in a bite mark injury. The ages of the subjects varied from 
14 to 87 years. Statistical comparison of the maxillary arch width, mandibular arch width, and 
the mean difference between maxillary and mandibular arch width were performed. Significant 
differences between the arch width measurements were found to exist between several classes of 
subjects based on race and sex. 
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Many studies have focused on the measu remen t  of various parameters  of normal  jaw and  
tooth re la t ionships  [1-3]. Most,  if not  all, of these studies have de termined  f rom various 
measurement s  the d imensions  of the  ideal or stylized maxil la or mandib le  and  the  accepted 
normals  for the i r  associated teeth.  This  study focuses on the actual  arch width as found  in a 
sample of denta l  school clinic pat ients .  The  quest ion central  to this  study is: 

Are there  statistically significant  differences in arch width measurements  
based  on sex or race? 

A secondary quest ion explored by the  study is: 

W h a t  percentage  of arches will measure  less t h a n  3.5 cm or less t han  3.0 cm? 

M e ~ o d  

Every pa t ien t  accepted for denta l  t r e a tmen t  in the dental  school s tudent  clinic is obl igated 
to have a set of dental  diagnost ic  casts fabr icated.  The  s tudents  accomplish this  procedure  
on thei r  ass igned pa t ien ts  before any dental  t rea tment .  Rigid plastic disposable impression 
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trays and prepackaged, premeasured irreversible hydrocolloid (alginate) material are used. 
These impressions are then poured with dental stone in the recommended water-powder 
ratio by the students. The resulting casts must then be approved by the student's assigned 
clinic instructor before the appointment can proceed. At the conclusion of the diagnostic 
and treatment planning appointment, the diagnostic casts are retained by the clinical fac- 
ulty. A notation of the patient's name, chart number, age, sex, and race is made by the 
student on the base of each cast before its surrender. 

At a weekly session one of the authors (REB) measured the distance between the cusp tips 
of specified teeth on each cast. The demographic data were also copied from the base of the 
casts. All measurements were made by the author using the same dental Boley gauge--a 
vernier, direct reading type. The following criteria were used to standardize the arch width 
measurements between each case. 

1. All measurements were recorded to the nearest 1/10 mm (0.01 cm). 
2. As shown in Fig. 1, teeth with sharp cusp tips were measured from tip to tip. 
3. As shown in Fig. 2, on those teeth with attrition of the incisal edge, the measurement 

was taken from the most faciodistal point angle to the corresponding tooth. 
4. All measurements are straight line with no attempt to correct for or to allow for any 

type of arch curvature in any axis. 
5. As shown in Figs. 3 and 4, in those cases without one or both canine teeth, the mea- 

surement was taken from the next most posterior tooth present. If no posterior teeth were 
present then the measurement was taken from the next most anterior tooth in the arch. All 
other criteria as mentioned above were applied in these measurements. All such cases were 
positively identified as to the number and arch position of missing teeth to allow for proper 
statistical treatment. 

I 

1 i 
I i 

I 

i 
t I 

I 

FIG. l - -Direc t  measurement  across the arch was used for  teeth with sharp, clearly defined cusp tips. 
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FIG. 2--Direct  measurement across the arch f rom the most faciodistal point  angles of  abraded cusp 
tips was used when required. 
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FIG. 3-- In  cases where one or both canines were missing the measurement was taken from the labial 
cusp tip of the next most posterior tooth present. 
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FIG. 4--In  cases where one or both canines were missing and no posterior teeth were present the 
measurements were taken from the most faciodistal point angle of the next most anterior tooth still 
present. 

The major goal was to obtain an arch width measurement from each dental diagnostic 
cast. The authors chose to use teeth judged most likely to have been interpreted (rightly or 
wrongly) in a bite injury as the canines. If all six anterior teeth were not present, then the 
remaining tooth or teeth felt most likely to be judged the arch width determiner in a bite 
injury were used. An example would be in a maxillary cast exhibiting bilateral absence of the 
lateral incisors with the canines having migrated mesially to replace the missing incisors; in 
such a case the first bicuspids (if present) would be measured as the arch width determiners. 

In the course of the academic year, 1400 usable dental diagnostic casts were produced by 
the students as outlined above. Each was fully processed by the author. Of these 1198 had 
full sexual and racial data available. For each class of subjects, the mean arch width was 
determined as was the mean difference between maxillary and mandibular arch widths. A t 
test of the overall means for race and sex separately was used to determine significance at a 
95% confidence level. Analysis ofyariance was used to determine overall significance among 
the 4 classes of subjects, white males, black males, white females, and black females on arch 
width measurements. A separate analysis was performed for each arch width measurement, 
maxillary, mandibular, and the difference between maxillary and mandibular measure- 
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ments. Followup t test comparison using the Duncan Multiple Range technique provided 
data on significant differences between pairs of the four groups. In addition, each class was 
ranked in increasing arch width size yielding a percentage of subjects exhibiting an arch 
width greater or less than a particular measurement.  

Each class of subjects was divided into subclasses based upon which of the mandibular  or 
maxillary teeth were present for measurement.  An additional class consisted only of those 
subjects who presented with all six anterior teeth intact and measurable in either or both 
arches. Although the age of all subjects was not recorded, none were younger than 14 years 
old. The oldest individual was 87 and at least 20 subjects were seen for each age between 23 
and 41 inclusive. Age per se was not used as a variable in this study. 

Results 

Tables 1, 2, and 3 contain the mean arch widths for the maxilla, mandible, and the maxil- 
lary and mandibular  difference for all subjects according to sex. Tables 4, 5, and 6 contain 
the results according to race. Values which were found to be significantly different are 
indicated. 

Tables 7 and 8 give the mean mandibular  and maxillary arch width expressed in centime- 
tres. The mean differences between these measurements in the same individual has also been 
calculated and is presented in Table 9. The subjects were classified according to sex and 
race. For the mandibular  width, all groups are significantly different from each other based 
on the mean values. This was true when all available subjects were tabulated and remained 
significant when only those subjects with all six mandibular  anterior teeth from canine to 
canine intact were studied. 

Tabulations for the maxillary arch were quite similar in results with one exception. The 
groups white males and black females were not significantly different from each other; how- 
ever, they were significantly different from every other group. Again, when only maxillae 

TABLE 1--Comparison of mandibular arch width 
by sex." 

Mandibular Standard No. of 
Sex Mean, cm Deviation Cases 

Female 2.78 0.27 760 
Male 2.84 0.31 438 

, t = 3.40 
df = 1196 
p = 0.001 

TABLE 2--Comparison of maxillary arch width 
by sex." 

Maxillary Standard No. of 
Sex Mean, cm Deviation Cases 

Female 3.55 0.31 703 
Male 3.68 0.35 406 

" t = 6.26 
df = 1107 
p = 0.001 
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TABLE 3--Comparison of mean maxillary and 
mandibular arch width differences by sex." 

Mean Standard No. of 
Sex Difference Deviation Cases 

Female 0.77 0.30 701 
Male 0.83 0.35 406 

t = 3.08 
df = l l 0S  
p = 0.01 

Note: The mean difference is not directly arithmeti- 
cally calculable as a result of the incidence of edentul- 
ism isolated to a single arch in some subjects. 

979 

TABLE 4--Comparison of mandibular arch width 
by race. ~ 

Mandibular  Standard No. of 
Race Mean, cm Deviation Cases 

White 2.72 0.27 673 
Black 2.91 0.28 525 

t =  11.83 
df = 1196 
p = 0.001 

TABLE 5--Comparison of maxillary arch width 
by race." 

Mandibular  Standard No. of 
Race Mean, cm Deviation Cases 

White 3.51 0.30 630 
Black 3.70 0.34 479 

" t = 9.82 
df = 1107 
p ---- 0.001 

TABLE 6--Comparison of mean maxillary and 
mandibular arch width difference by race. ~ 

Mandibular  Standard No. of 
Race Mean, cm Deviation Cases 

White 0.79 0.31 629 
Black 0.80 0.34 478 

~Note: The mean difference is not directly arithmet- 
ically calculable as a result of the incidence of eden- 
tulism isolated to a single arch in some subjects. 
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TABLE 7--Mandibular arch width by sex and race." 

No. of 
Group Mean, cm Code Cases 

All cases 2.81 1198 
White males 2.78 A 297 
Black males 2.98 B 141 
White females 2.68 C 376 
Black females 2.87 D 384 

F = 59.33 df = 3,1194 p 0.001 

"For comparison between individual groups, means  with different let- 
ter codes are significantly different at p 0.05. 

Note: All mandibular  arch width measurements  remain significantly 
different between groups when only the cases (1177) with all six man-  
dibular anterior teeth present are studied. 

TABLE 8--Maxillary arch width by sex and race. ~ 

No. of 
Group Mean,  cm Code Cases 

All cases 3.59 1109 
White males 3.60 A 277 
Black males 3.83 B 129 
White females 3.44 C 353 
Black females 3.66 A 350 

F = 58.47 df = 3,1105 p 0.001 

"For comparison between individual groups, means  with different let- 
ter codes are significantly different at p 0.05. 

Note: The same significant differences between groups are found 
when only the cases (1033) with all six maxillary anterior teeth present 
are studied. 

TABLE 9--Difference between the maxillary and mandibular arch 
widths by sex and race." 

No. of 
Group Mean,  cm Code Cases 

All cases 0.79 1107 
White  males 0.82 A,B b 277 
Black males 0.86 A 129 
White females 0.76 B 352 
Black females 0.78 B 349 

F = 3.63 df = 3,1103 p 0.05 

"For comparison between individual groups, means  with different let- 
ter codes are significantly different at  p 0.05. 

Note: Studies utilizing only cases (1031) with all six anterior mandib- 
ular teeth present show only the following group to exhibit significant 
difference--black males and white females. 

Note: Studies utilizing 0nly cases (1074) with all s ix  anterior maxil- 
lary teeth present show the following groups to exhibit significant differ- 
e n c e - w h i t e  males and black males, black males and black females, 
black males and white females, white males and white females. 

Note: Studies utilizing only those cases (999) with all six maxillary 
and mandibular  teeth present show the following groups to exhibit sig- 
nificant difference--black males and black females, black males and 
white females, white males and white females. 

bThis group is not significantly different from any other group. 
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with all six anterior teeth from canine to canine intact and present were studied the same 
statistical significance was found. 

In comparing the difference between the two arch measurements in an individual, the  
mean value obtained showed fewer statistically significant differences than either arch alone. 
In a study of all subjects, the group of white males was not significantly different from any 
other group. The other groups were all significantly different. When maxillae and mandibles 
exhibiting all six anterior teeth in place were studied only certain groups retained any statis- 
tically significant differences as can be seen from the notes on Table 9. 

Table 10 reports the number  of cases in each group which had an arch width measurement  
of 3.5 cm or less. Nearly 100% of the mandibles exhibited this trait. For the maxillary arch, 
this figure varied from a high of 61% of white females to slightly less than 15% of black 
males. In addition, figures are given for those arches measuring less than 3.0 cm. The range 
of measurements in the maxilla was 5.82 to 2.09 cm, each of which occurred a single time. In 
the mandibles, the range was 3.98 to 1.88 cm, again each of these being a single occurrence. 
In 24 cases (2.2 %) the measurement  of the mandibular  width exceeded or equalled the max- 
illary measurement,  in one case by as much as 0.94 cm. 

Table 11 reports the incidence of isolated maxillary complete edentulism in the subjects 
studied. Many of these patients reported no prosthetic replacement and were in fact seeking 
their first maxillary denture to oppose their remaining natural mandibular  dentition. 

Discussion and Conclusions 

The authors were able to survey t 198 diagnostic casts of patients accepted for t reatment  in 
a dental school clinic. The arch width of each maxillary and mandibular  cast was measured 

TABLE lO--Percentage of  cases at specified arch widths. 

Group 

Percent Measuring 

Arch 3.50 cm or Less 3.00 cm or Less 

All cases 

White males 

Black males 

White females 

Black females 

Incomplete 
demographics 

mandibular 98.7 78.0 
maxillary 38.8 3.4 
mandibular 98.3 81.1 
maxillary 33.6 3.6 
mandibular 96.5 54.6 
maxillary 14.7 2.3 
mandibular 99.7 91.8 
maxillary 60.9 5.7 
mandibular 97.7 70.1 
maxillary 31.1 1.7 
mandibular 99.0 79.4 
maxillary 35.8 2.7 

TABLE 11--Percentage of  cases with 
maxillary edentulism. 

Group Percent No. of Cases 

All cases 7.7 107/1397 
White males 6.7 20/297 
Black males 8.5 12/141 
White females 6.6 25/376 
Black females 9.4 36/384 
Incomplete 7.0 14/199 

demographics 
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at the cuspid area and demographic information was gathered. The mean arch width was 
calculated by sex and by race. Significant differences were observed between the groups of 
subjects in many cases. The mean difference between the maxillary and mandibular mea- 
sures was calculated and significant differences between groups reported. The measure- 
ments disclosed that the arch width was less than 3.5 cm in a majority of cases. A large 
number of mandibular arches exhibited a width of less than 3.0 cm also. It was pointed out 
that a small percentage of subjects exhibited mandibular measurements equal to or in excess 
of their maxillary measurements. The incidence of subjects exhibiting maxillary complete 
edentulism against natural mandibular teeth was reported. 

The values provided by this study may be of assistance in the examination and classifica- 
tion of bite marks. However, the variance between groups is small, on the order of 0.01 or 
0.02 cm, and is unlikely to be readily noticeable by observation of a bite mark on skin. Bite 
marks in inelastic material may be suitable for comparison with this data. The great major- 
ity of all mandibular measurements in this study fall below 3.0 cm. None of the subjects were 
children. The authors caution against attempting to draw conclusions about the race, sex, or 
age of the suspected biter based solely on the measurement of bite marks alone. 
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