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L in e a r regress ion  eq uatio n s  fo r  th e  p red ic tio n  of 

th e  m esiod ista l w id th s  of u nerup ted  can in es  and  

p rem o lars  w e re  ca lcu la ted  fo r  a la rg e  sam p le  of 

recen t o rth o d o n tic  patien ts . T h e  fo rm  o f th e  e q u a 

tions, as w ell as th e  s ize of th e  variou s  c o n fid e n c e  

belts, w e re  g e n e ra lly  s im ila r to  th o se  in th e  w idely  

used but in c o m p le te ly  ch a ra c te rize d  M ich ig an  

M ixed  D en titio n  A nalysis . A lth o ug h  e ith e r set o f ta 

b les w o u ld  seem  eq ua lly  a p p ro p ria te , a  s im p le  ap 

p ro x im a tio n — h alf th e  w id th  of th e  m a n d ib u la r in c i 

sors plus e ith e r  11.0  fo r  th e  m ax illa ry  c a n in e -p re -  

m o la r s eg m en ts , o r 10 .5  fo r  th e  m a n d ib u la r seg 

m en ts— is of c o m p a ra b le  accu racy .

T h e prediction  o f  unerupted perm anent canine  

and prem olar s ize  in the patient w ith  m ixed den 

tition  is central to  early orth odontic diagnosis  

and treatm ent. Early attem pts at estim ation  

w ere based  on  tables o f  average w idths, for e x 

am ple th o se  o f  B la ck ,1 and they w ere seld om  ap

propriate for the individual. Subseq uently , tw o  

major approaches— radiographic and statistical 

— have been  u sed  to  obtain valid  estim ates for a 

given  patient.

Specific  m ethods for estim ating the approx 

im ate size  o f  unerupted teeth  from  radiographs 

have been  suggested  by m any w orkers2'9 and, al

though consid erable accuracy can be obtained , 

an exacting , tim e-consum in g techn iq ue is gener 

a lly  required. T h ese  disadvantages m ay largely  

be overcom e by a variety  o f  regression  schem es  

in w hich  tooth  s ize  is predicted  from  perm anent 

teeth  that are already present and easily  m ea 

sured— the m andibular in c iso r s .10'14 M eth ods  

that are based  on different com binations o f  teeth

1 1 , 12 , 15 , 16  or tech n iq u es17'18 have been  described;  

h ow ever , th ey  are used  infrequently.

A lthough  the various reports are similar, on ly  

M o y ers’s sch em e has ach ieved  w idespread clin 

ical accep tan ce . H e  tabulated the various per 

cen tiles o f  his regression  equations and present 

ed  th ese  tab les as part o f  a unified M ixed D e n 

tition A n a ly sis  (M D A ) in an uncom m only w ide 

ly  u sed  textb ook . U nfortunately , M o y ers’s 

equations, not to  m ention the sam ple from w hich  

they  w ere ca lcu lated , have never been  charac 

terized in the literature. It m ay be inferred from  

a recent graphic valid ation19 that M o y ers’s 

equations con sisten tly  underestim ate the size  of 

unerupted teeth . M oreover, a secu lar increase in 

the s ize  o f  so m e  teeth  has been  evid en ced  sin ce  

M o y ers’s equations w ere ca lcu lated .20,21

T h e ex ten t to  w hich  M o y ers’s charts are ap

propriate to a  contem porary orthodontic popu la 

tion  is exam ined.

M eth o d s

D enta l casts for 506 orthodontic patients in the  

C leveland  area w ere  obtained from  the orthodon 

tic  departm ent o f  C ase  W estern R eserve  U n iver 

sity S chool o f  D en tistry  and from  the records o f  

three orth odontists practicing in the C leveland  

area, D rs. Sanford N eu ger , Arthur P h elp s, and 

M ilton  R abine.

T o  be included in the stu dy, patients had to  be  

o f  probable E uropean ancestry and less than 20 

years old. M od els had to  have been  taken sin ce  

1966 before any orthodontic treatm ent, and all 

teeth  to be m easured had to be fu lly  erupted and 

free o f  v isib le  fractures, caries, and restorations.
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M esiod ista l w idths o f  the perm anent m andib 

ular incisors and all canines and prem olars 

w ere obtained w ith pointed  vernier calipers, and 

they w ere read to the nearest 0 .05 mm according  

to  m ethods outlined by S e ip e l22 and M oorrees  

and o th ers.23

T h e m oderately high degree o f  linear correla 

tion  that ex ists  am ong various groups o f  perm a 

nent teeth  m akes it p ossib le  to m easure the total 

w idth o f  the perm anent m andibular incisors and 

to predict the size  o f  teeth  that have yet to erupt. 

T h e present data w ere used  to generate  form u 

las— “ regression ” equations— that can be used  

clin ically  to effect predictions in m uch the sam e  

w ay one converts Farenheit to C elsiu s. Specifi 

ca lly , least-squares regression  equations o f  the 

form  Y = A + B  (X ) w ere calculated  w ith a pro 

gram m able e lectron ic  calculator.*  In  th ese  equa 

t ion s, Y  equals the predicted s ize  o f  an unerupted  

buccal segm ent (can ine and prem olars); X  equals 

the m easured w idth o f  the four m andibular in ci 

sors; and A  and B are constants. C oeffic ien ts o f  

linear correlation, standard errors o f  estim ate, 

and confidence belts for individual predictions  

w ere calculated  for each  equation in the evalua 

tion  o f  the accuracy  o f  the resu lting form ulas.

R e s u l t s

D escr ip tive  statistics for the three groups o f  

teeth  m easured  here are presen ted  (T able 1).

T a b l e  1 ■  D e s c r i p t i v e  s t a t i s t i c s  f o r  c o m b i n e d  m e s io d i s t a l  

w i d t h s  i n  m i l l i m e t e r s .

T o o th  g ro u p R ang e M e an

S ta n d a rd

d e v ia tio n

M a n d ib u la r  la te ra l 

& c e n tra l in c is o rs 18.5 to  28.0 23 .43 1.35

M a x il la ry  c a n in e s , f irs t  

p re m o la rs , & se co n d  

p re m o la rs 19.1 to  25.9 2 2 .27 1.09

M a n d ib u la r  c a n in e s , f irs t  

p re m o la rs , & se co n d  

p re m o la rs 18.4 to  24.9 21 .76 1.12

T a b l e  2  ■ P r e d i c t i o n  e q u a t i o n s .

C a n in e - C o e f f ic ie n t
R e g re ss io n S ta n d a rd  

e r ro r  o f

p re m o la r

se g m e n t

o f

c o r re la t io n A B

e s tim a te  

in m il l im e te rs

M a x il la ry 0 .625 10.41 0.51 0 .86

M a n d ib u la r 0 .648 9.18 0 .54 0.85

F e w  subjects had incisor w idths b e lo w  20.5  mm  

and beyond  27.0  mm  in the sam ple.

C oeffic ien ts o f  correlation for the canine-pre- 

m olar segm ents o f  each  dental arch, and the va l 

u es  o f  A , B , and the standard errors o f  e sti 

m ate for the tw o  regression  equations are show n  

(T able 2).

P ercen tiles for the prediction  o f  the s ize  o f  

m axillary and m andibular buccal segm ents are 

presen ted  in T ab les 3 and 4 resp ective ly . Predic 

tions for total incisor w idths o f  less  than 20.5 mm  

or m ore than 27.0  mm w ere not com puted  b e 

cau se  they  w ould have in vo lved  extrapolation .

T a b l e  3  ■ P r o b a b i l i t y  t a b l e  f o r  p r e d i c t i n g  t h e  w i d t h s  o f  m a x i l l a r y  c a n in e s ,  f i r s t  p r e m o l a r s ,  a n d  

s e c o n d  p r e m o l a r s  f r o m  m a n d i b u l a r  l a t e r a l  a n d  c e n t r a l  i n c i s o r s  i n  m i l l i m e t e r s .

M a n d ib u la r  la te ra l an d c e n tra l in c is o r s

20 .5 21.0 21.5 22.0 22.5 23.0 23 .5 24.0 24.5 25.0 25.5 26.0 26.5 27.0

9 5 % 22.2 22.5 22.7 23.0 23.2 23.5 23.7 24 .0 24 .2 24.5 24.7 25.0 25.2 25.5

8 5 % 21 .7 21.9 22.2 22.4 22 .7 22.9 23.2 23.4 23.7 24.0 24.2 24.5 24 .7 25.0

75 % 21.4 21 .6 21.9 22.1 22.4 22.6 22.9 23.1 23.4 23.6 23 .9 24.1 24.4 24.7

6 5 % 21.1 21.4 21.6 21.9 22.1 22.4 22.6 22.9 23.1 23.4 23 .6 23 .9 24.2 24 .4

5 0 % 20 .8 21.0 21 .3 21.5 21 .8 22.1 22 .3 22 .6 22.8 23.1 23.3 23.6 23.8 24.1

3 5 % 20.5 20 .7 21.0 21.2 21.5 21 .7 22.0 22.2 22.5 22 .7 23.0 23.2 23.5 23.7

25 % 20.2 20.5 20.7 21.0 21.2 21.5 21.7 22.0 22 .2 22.5 22 .7 23.0 23.2 23.5

15 % 19.9 20.1 20.4 20.7 20.9 21.2 21.4 21.7 21.9 22.2 22 .4 22.7 22.9 23.2

5 % 19.4 19.6 19.9 20.1 20.4 20.6 20.9 21.1 21.4 21.7 21 .9 22.2 22.4 22 .7

T a b l e  4  ■ P r o b a b i l i t y  t a b l e  f o r  p r e d i c t i n g  t h e  w i d t h s  o f  m a n d i b u l a r  c a n in e s ,  f i r s t  p r e m o l a r s ,  

a n d  s e c o n d  p r e m o l a r s  f r o m  m a n d i b u l a r  l a t e r a l  a n d  c e n t r a l  i n c i s o r s  in  m i l l i m e t e r s .

M a n d ib u la r  la te ra l a nd  c e n tra l in c is o rs

20.5 21.0 21.5 22.0 22.5 23 .0 23.5 24.0 24.5 25.0 25.5 26.0 26.5 27.0

95 % 21 .6 21.9 22.1 22.4 22.7 22 .9 23.2 23.5 23.7 24.0 24.3 24.5 24.8 25.1

85% 21.1 21.3 21 .6 21.9 22.1 22.4 22.7 23.0 23 .2 23.5 23.8 24.0 24.3 24.6

75 % 20.8 21.0 21.3 21.6 21.8 22.1 22.3 22.6 22 .9 23.2 23.4 2 3 .7 24.0 24 .3

6 5 % 20.5 20.8 21.1 21.3 21.6 21.9 22.1 22.4 2 2 .7 22.9 23.2 23.5 23 .7 24.0

5 0 % 20.2 20.5 20 .7 21.0 21.3 21.5 21.8 22.1 22.3 22.6 22.9 23.1 23.4 23 .7

3 5% 19.9 20.1 20.4 20.7 20.9 21.2 21.5 21.7 22.0 22.3 22.5 22.8 23.1 23 .3

2 5% 19.6 19.9 20.1 20.4 20 .7 21.0 21.2 21.5 21 .8 22.0 22.3 22 .6 22.8 23.1

15% 19.3 19.6 19.8 20.1 20.4 20.6 20.9 21.2 21.5 21.7 22.0 22 .3 22.5 22.8

5 % 18.8 19.0 19.3 19.6 19.9 20.1 20.4 20 .7 20 .9 21.2 21.5 21.7 22.0 22 .3

Tanaka— Johnsto n: U N E R U P TE D  CANIN E AND PR EM O LA R  SIZE  ■ 799



Table 5 ■  C o m p a r i s o n  o f  p r o b a b i l i t y  t a b l e s  f o r  c a n i n e s ,  f i r s t  p r e m o l a r s ,  a n d  s e c o n d  p r e m o l a r s :

t h e  7 5 t h  p e r c e n t i l e .

W id th  o f m a n d ib u la r  

in c is o rs  (m m )

W id th  o f m a x il la ry  

c a n in e s , f irs t  p re m o la rs , 

a nd  se co n d  p re m o la rs  (m m )

W id th  o f  m a n d ib u la r 

c a n in e s , f i r s t  p re m o la rs , 

a n d  s e c o n d  p re m o la rs  (m m )

M o y e rs C W RU A p p ro x im a tio n M o ye rs C W R U 1 A p p ro x im a tio n

20.5 21.2 21.4 21.3 20.7 20 .8 20.8

21.0 21.5 21.6 21.5 21.0 21.0 21.0

21.5 21.8 21.9 21.8 21.3 21.3 21.3

22.0 22.0 22.1 22.0 21.6 21 .6 21.5

22.5 22 .3 22.4 22 .3 21.9 21.8 21.8

23.0 22.6 22.6 22.5 22.2 22.1 22.0

23.5 22.9 22.9 22 .8 22.5 22 .3 22 .3

24.0 23.1 23.1 23.0 22.8 22 .6 22.5

24.5 23.4 23.4 23.3 23.1 22.9 22.8

25.0 23.7 23.6 23.5 23.4 23.2 23.0

25.5 24.0 23.9 23.8 23.7 23.4 23.3

26.0 24.2 24.1 24.0 24.0 23 .7 23.5

26.5 24.5 24.4 24.3 24.3 24.0 23.8

27.0 24.8 24.7 24.5 24.6 24 .3 24.0

*C a se  W e s te rn  R e se rv e  U n iv e rs ity

D is c u s s io n

T h e  reg ress io n  coeffic ien ts  th a t w e re  ca lcu la ted  

in  th e  p re se n t s tu d y  are  re m a rk ab ly  sim ilar to  

th o se  o f  B allard  and  W y lie12 (m and ib le , A = 9 .4 1  

and  B =0.527) and  M o y e rs14 (by  in feren ce : m ax 

illa , A = 9 .2 3  and  B = 0 .55 ; m and ib le , A = 7 .8 2  and 

B = 0 .6 0 ). In d e ed , all s ta tis tic s  w ere  so sim ilar 

th a t  o u r co n fid en ce  belts m atch  M o y e rs ’s a lm ost 

ex ac tly  (T ab le  5).

T h e o re tica lly , p red ic tion  eq u a tio n s  shou ld  be 

u p d a te d  from  tim e to  tim e b ec au se  levels  o f a  

a re  valid  on ly  fo r  one p red ic tio n . H o w e v er, 

th e re  seem s to  b e  little  in d ica tio n  th a t  such  a  p ro 

c e d u re  is w a rran te d  here . A lth o u g h  no signifi 

c a n t d iffe ren ce  is ap p a ren t b e tw een  th e  p resen t 

in v es tig a tio n ’s p red ic tio n  tab les  and  th o se  o f 

M o y ers , th e  p red ic tio n  o f  th e  u n e ru p te d  canine- 

p re m o la r reg ions m ay be sim plified  a t th e  re co m 

m ended  75 p e rcen tile  le v e l19— h a lf  th e  w id th  o f 

th e  m an d ib u lar inc iso rs  (in m illim eters) p lus 11.0 

m m  fo r th e  m ax illa ry  a rch ; an d  h a lf  th e  in c iso r 

w id th  (in m illim eters) p lus 10.5 m m  fo r the  m an 

d ib u la r a rch . T h is  ru le is a  good  ap p ro x im a tio n  in 

th a t  it is n e v e r m o re  th an  a  few  ten th s  o f  a  m illi 

m e te r  in e r ro r , regard less o f  w hich  se t o f tab le s  is 

used  as th e  s tan d ard .

T h e  in c iso r-b u cca l segm en t co rre la tio n s  th a t 

w ere  found  h ere  (0.625 and  0.648) a re  alm ost 

id en tica l to  th o se  o f B allard  an d  W y lie12 (m an 

d ib le , r= 0 .6 4 ), H ixon  and  O ld fa th e r17 (m and i 

b le , r= 0 .6 9 ) , and  B o lton13 (m and ib le , r= 0 .6 5 ).

C oeffic ien ts  o f  lin ear co rre la tio n , r  x y ,' ca l 

cu la ted  b e tw e en  g roups o f  te e th  m ay , p e rh ap s , 

b e  in te rp re te d  in term s o f  th e  so -called  theo ry  

o f  com m on  e le m e n ts ,24 acco rd in g  to  w hich r is 

an  e s tim a te  o f p— the p ro p o rtio n  o f  s ize -d e te r 

m ining e lem en ts  co m m o n  to  bo th  X  and  Y : p =  

n u m b er o f  e lem en ts  com m on  to  X  and Y /(to ta l 

e lem en ts  in X )(to ta l e lem en ts  in Y ). In  a  co m 

p a riso n  o f  m o n ozygo tic  tw ins, the  co n tro l o f 

to o th  size h as  b ee n  largely  polygenically  in h e rit 

ed , w ith  on ly  a b o u t 10% o f  the  v a rian ce  a ttr ib u t 

ab le  to  n u tritio n a l s ta tu s .25 I t  is tem pting , th e re 

fo re , to  eq u a te  “ p o ly g en es”  and  “ com m on  el 

e m e n ts”  an d  to  suggest th a t th e  co n s is te n t c o r 

re la tio n s  found  in th e  v a rio u s  s tud ies m ay m ean  

th a t a b o u t 60%  to  70%  o f  the  po lygenes th a t  d e 

te rm in e  to o th  size  a re  sh a red  by  th e  m an d ib u la r 

in c iso rs  an d  th e  can in es , and p rem olars .

A lth o u g h  a  se c u la r  in c rease  in som e d en ta l 

d im ensions has b ee n  re p o r te d ,20,21 no  sign ifican t 

e ffec t on p re d ic tio n  by  such  a  ten d en cy  co u ld  be 

d e m o n s tra te d  h e re . P o ssib ly , th e  d iffe ren ces  in 

size th a t a re  re p o rte d  fo r co n tem p o ra ry  filial g en 

e ra tio n s  a re  no t so m uch  a n  ind ication  o f  se c u 

la r tren d s  as  a  re flec tio n  o f  p rox im al a ttr i t io n .26’27

S u m m a r y  a n d  c o n c l u s i o n s

T h e  size  o f  u n e ru p te d  can ines and  p rem o la rs  is 

im p o rtan t to  th e  clin ician  in charge  o f  th e  p a tien t 

w ith a m ixed -den tition . A lthough  v arious 

m eth o d s o f  e s tim a tio n  have been  p ro p o se d , 

M o y e rs ’s reg ress io n  sch em e (u tiliz ing  th e  b u c 

cal seg m en ts  an d  th e  m and ibu lar inciso rs) is 

w idely  u sed  b ec a u se  o f its sim plicity  and ea se  o f 

app lica tion .

U n fo rtu n a te ly  the form  o f  M o y ers’s eq u a tio n s  

and  th e  size  o f  h is co n fid en ce  in te rva ls  h av e  n ev 

e r b een  v a lid a ted  on  a n o th e r  sam ple. M o re o v e r, 

th e  p o ssib ility  o f  sec u la r  changes during  th e  p a s t 

20 y ea rs  c a n n o t be ru led  out. A cco rd in g ly , a
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study w as conducted  to  repeat M o y ers’s obser 

va tions on  a  n ew , large sam ple that w as drawn  

from  a contem porary orth odontic population . 

S p ecifica lly , too th -size  data w ere co llected  from  

study casts  o f  506 C leveland-area patients.

T h e  presen t find ings w ere  generally  com pa 

rable to th o se  o f  earlier in vestigators. T h e m an 

dibular incisors sh ow ed  a correlation o f  r= 0 .6 2 5  

for  the m axillary canine-prem olar region  and r=  

0.648 for th e m andibular canine-prem olar region.

P red iction  tables w ere  constructed , and they  

w ere practically  identical to  th o se  o f  M oyers. 

A ccord in g ly , either set o f  percentiles— M o y ers’s 

or th o se  in the presen t study— seem  to  be equally  

appropriate to  a contem porary population . H o w 

ever, neither m ethod o f  estim ation  is n ecessary . 

T h e s ize  in m illim eters o f  unerupted can ines and  

prem olars at the 75th percen tile can  be predicted  

by taking h a lf the w idth o f  the m andibular in ci 

sors and adding 11.0 for the m axillary teeth  and 

10.5 for th e  m andibular teeth .

T h i s  p a p e r  is b a se d  o n  a  t h e s is  su b m it t e d  in  p a r t ia l  f u l f i l lm e n t  

o f  t h e  r e q u i r e m e n t s f o r  t h e  M S d e g r e e ,  C a s e  W e st e r n  R e se r v e  

U n iv e r si t y .  T h e  in v e st ig a t io n  w a s a id e d  b y  P H S - N I H  G e n e r a l  R e 

se a r c h  S u p p o r t  G r a n t  5 3 3 5 .

D r .  T a n a k a  i s  in  p r iv a t e  p r a c t ice .  H is  a d d r e ss  is P O  B o x  3 9 2 ,  

W a ilu k u ,  H a w a i i  9 6 7 9 3 .  D r .  Jo h n st o n  is a sso c ia t e  p r o f e sso r  a n d  
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