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Synopsis 

A random sample of 176 children of grade .school 

age were selected in an attempt to obtain nonn,s for 

palatal height. The data was processed by the use 

of biostatistical techniques. Calculations of the 

mean, standard error, and standard error of tht~ mean 

for each individual age group was established. 

A modification of the Gorlin Palatometer was 

constructed for this purpose, with emphasis on an in­

strument that couJd be ea~ily used in rapid clinical 

surveys and still provide statistical reliability. 

It is hoped that this data will help to elimi­

nate subjective bias and enable more quantitative 

appraisals to be made of this physical finding 

commonly seen in various musculoskeletal defonr:i ties, 

congenitaJ. anomalies, and numerous genetical disorders. 

Introduction 

Recent attention has been focused upon the 
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frequent finding of high arched palates in certain 

apparently unrelated diseases. Such conditions in­

clude Apert syndrome, Morquio syndrome, Bonnevie­

Ullrich-Turner syndrome, Franceschetti Treacher 

Collins syndrome, Freeman-Sheldon syndrome, Marfans 

syndrome, Neilson syndrome, pseudo-crouzan syndrome, 

Rossi syndrome, and cleidocranial dysostosis.
5 

The 

congenital defect studies of Smith and Bastian
17 

reveal 

cleft lip and palate abnormalities associated with 

ventral septal defects and mental retardation. Lynch 

et al emphasized the frequent observation of h:_gh 

arched palates in family members suspected of having 

. . 13 
hereditary ataxias. 

However the palatal vault, unJ.ess grossly abnor­

mal, frequently receives little attention in the course 

of routine physical examinations. The methods of 

clinically establishing a physical measurement, for the 

most part, have been left to emperical judgm~nt.. 

-2-
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Literature Revi,3w 

It is of historical interest to note that as 

early as 1830, controversial studies of the de:1tal 

arch existed {Thomas Bell), 
1 

and. as far back a.3 1771 

John Hunter stressed the need for longitudinal data 

of jaw growth. 

Other investigative pioneers directed their 

efforts toward further establishing a framework for 

the art of orthodontics. Consequently, subsequent re-

search emphasized the dental arch and arch circumfer-

ence in an attempt to relate developmental changes with 

various aspects of dentition. 

Huter in 1864 was perhaps one of the firsi: to 

publicize measurements of skeletal speciinens w:.th th,? 

conclusion that the dental arch containing the molar 

teeth grow four times more than that which coni:ains 

-l--hc \...••·-
. . ~ . , 10 incisors an~ canine teetn. 

Carl Wedl in 1870 used a moistened paper Btrip 

to determine the dental arch circunference on Hkulls 

of 45 children, noting size relations between i:he 

-3-
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periods 04 deci uous an permanent entition. 

Otto Zsigmondy in 1890 took dental casts of 3 

children at regular intervals during the transitional 

period of their dentition and provided an excellent 

discussion of the difficulties in studying dev=lop-

. 2) 
mental changes due to the migra~ion of teeth. 

In 1908 when Channing and Wissler compared p?.late 

measurements of normal and feeble-rainded indiv.Lduals, 

they observed a great variety of palate shapes in the 

3 
two groups studied. 

Perhaps one of the more classic studies by Brash 

in 1924 might be used to examplify an observat:.on 

conm1on to much of the research ~•1hich was to follow. 

His conclusions suggested that palate deformities were 

not to be sought in some comparatively late point of 

the grovrth period, "for the interference with <,: rowth 

is concealed in happenings that are very early indeed".2 

Furth-c~r investigations made i.r. an attempt to 

pattern qrowth phases and arch develorment often re­

sulted in considerable diversity. Much of this can be 

attributed to variations in procedure, biometrical 

-4-
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technique, and types of material used as well as 

choice of landmarks in the oral cavity. However, some 

of the important contributions may be observed in the 

following paragraphs. 

Hamano (1929) studied children in Japanese ele­

mentary schools noting the change in maxillary arch 

breadth. According to his tabular data, the m;an 

changed very little between the ages of 5 and .LO 

years, but was accelerated during the emergenc,~ of the 

6 
maxillary and mandibular incisors. The studii~s of 

Lewis and Lehman in 1929 of 170 elementary school 

children observed the greatest mean increase in the 

breadth of the dental arch to occur between thu ages 

of 6 and 8 12 years of age. However, a marked vc1riation 

. 1 a· d 12 in a 1 features stu 1.ed was stresse by the authors. 

Harth (1930) reported the distances between the 

deciduous second molars in the maxilla for the age 

groups of 6-8, 12-14, and 16-18. As would be expecb:d, 

the variations in arch breadth was quite large, but the 

repeated notation of an increase in palatal height, 

especially in the permanent first molar area was 

-5-
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observed. 7 

The contributions of Clinch in 1951 revea:.ed the 

arch breadth in the canine region showed small in­

creases before the time of emergence of the permanent 

incisors. During the eruption of these teeth the 

increase was accelerated, and it continued the~~eafter, 

but to a reduced extent. These conclusions weJ~e 

determined after a 5 year study of c.ental castn at 

4 
yearly intervals. 

O'Reilly in 1951 made an analysis of 130 children 

with examinations four times a year. He noted the 

average breadth was gre?.ter in boys than in girls, 

however the mean increase in intercanine distance was 

20 percent greater in girls between the ages o:: 5 and 

7 than in boys. This growth variation exempli::ies 

. 1 1 . . 1 15 stLl another pa atornetric variab e • 

Henriques (1953) in a cross sectional study of 

palate and face gro"'rth, using a sample of 600 ·7 to 

12 year old children, found that in general a progres-

sive increase in palate breadth was observed w:Lth age. 

It was also noted that the length of the denta:. arch 

-6-



-remained unchanged once the permanent maxillary first 

molars had emergedo These metrical observations were 

obtained directly in the oral cavity at seven differ-

s 
ent points. 

In 1962, Lebret was able to demonstrate growth 

changes in palatal height and breadth with a technique 

involving superimposed serial tracings.
12 

Using the 

symrnetrograph of Korkhaus17 and serial dental casts of 

children of ages 5 through 13, he revealed that the 

alveolar processes increase in height and breadth 

continuously while the top of the palate vault remained 

essentially constant . except for slight increments in 

breadth at the apex. (Fig. I) 

L 

Fig. z -
Lebret's superimposed serial tracings demonstrating 

absence of growth changes at the apex of the vault. 

-7-



This lateral growth of the maxillae is coordi­

nated with the growth of permanent teeth, while 

growth of the alveolar process is ultimately depen-

d h 
. 19 

ent upon toot eruption. In essence, Lebret 

thereby demonstrated that an increase in total palatal 

height ultimately resulted from lengthening of the 

maxillae. This data prompted an interest of width 

dirnention which was included in the present survey. 

Material 

The present study employs a type of bidimension­

al caliper which enables one to establish measurements 

in mm. of palatal width as well as palatal height. 

-8-



Fig. II 
Application of palatometer to dental cast demonstra­

ting techni que of obtaining palatal dirnensionso 

This instrument is a modification of the Gorlin 

Palatometer
5 

which was somewhat similar, except for 

the determination of height which Gorlin obtained from 

the area of the fovea palatinus. The decision for a 

modification was based on two observations. First, 

- 9-



the fovea palatinus is not necessarily the highest 

dimension of the vault. Second, the correlation of 

growth rate of the maxilla with dentition and rela­

tive increases in palatal height necessitates obtain­

ing both parameters in the same plane. 

Technique 

This particular technique employed measurements 

taken directly from the oral cavity without the need 

for dental casts. A horizontal plane was established 

by electing to use the junction of the lingual cer­

vicle line and the developmental groove of the maxil­

lary first molars. Palatal width was then defined as 

the distance between these two antimers. A cali brated 

perpendicular from this transverses plane to the raphe 

determined palatal height. The interdental papilla 

between the two maxillary incisors served as a stabi­

lizing third point . (Fig. II) 

-10-



Source of Data 

The data for this study was derived by obtaining 

a random sample of 176 grade school children belonging 

to Omaha's middle socio-economic class. All of the 

subjects studied were without abnormalities, and had 

no history of chronic disease. The ages were approxi­

mately equal in distribution from 6 to 13, and included 

85 females and 91 males. After all the data had been 

compiled, it was biostatistically processed for deter-

mination6 of the mean, standard error, and standard 

error of the means. The range for each parameter was 

also included. 

Discussi9n and Analysis of the Data 

In Gorlin's studies a palatal index was stressed 
(Height ) 
(width X lOO) in an attempt to arrive at a single 

numerical expression which could be compared with 

conditions associated with altered palatal height.
5 

This formula has been applied in the present study, 

-11-



however it was observed that either the width or 

height may vary beyond the two standard deviation 

limit without necessarily resulting in an abnonnal 

index (Table I). 

The calculated results are presented in t abular 

and graphic fonn. Each graph shows a mean value and 

range of the feature studied as well as curves for the 

two standard deviation limit. From these curves the 

patterns of variation between the ages of 6 and 13 can 

be approximated. It was realized that the use of 

chronological age yields more variation in the results 

than would be expected from using bone age. However, 

it was less feasible to base the analysis on bone age, 

since one of the objectives of this study was t o deter­

mine the possible use of such an instrument in rapid 

clinical surveys. 

A group of 5 year old children who had not yet 

acquired the first molar were also included in the 

study. This was done for comparative purposes in an 

attempt to detennine the amount of correlation with 

Lebret's data. The landmark employed in this age group 

-12-



was the second bicuspid; the remainder of the tech­

nique was unchanged. It was observed that the mean 

width of Lebret's sample of 5 year olds was 29.57 mm. 

with a range of 25.5 to 34.0 mm.
12 

The mean width in 

this study of the same age group was 29 mm. with a 

range of 26 to 35 mm. Lebret•s mean height was 10.5 mm. 

with a range of 7.0 to 13.0 mm. compared with the pre­

sent data mean of 12.5 mm. with a range of 11.5 to 

14.0 mm. The difference of a 2 mm. mean in the latter 

parameter could well be attributed to the fact that 

Lebret used the most dorsal aspect of the distal sur­

faces of the two second molars, whereas the construc­

tion of the present instrument precluded the use of 

this anatomical point because of a stability factor. 

Hence it was necessary to use a more mesial poi nt along 

the lingual border. Consequently, the data in refer­

ence to 5 year olds is included separately because of 

the difference in landmarks. No further comparison 

could be made, for Lebret's subsequent measurements 

were taken from the ruga relative to the original 

dental cast. 

-13-



In the 176 subjects studied, 13 measurements were 

noted to be beyond two standard deviations. Of these 

13, only 6 demonstrated a significant change in pala­

tal index. 

The period of greatest change in width was noted 

in the ages 9 through 13, while the most significant 

increase in height occurred in the 7 to 10 age group. 

A greater overall increase in width resulted in a pro­

gressive decrease in the mathematically formulated 

palatal index in each respective age group. 

As would be expected, a considerable range exists 

in both height and width in all age groups. 

Summary and Conclusions 

References to high arched palates associated with 

musculoskeletal disorders have frequently been cited 

in the literature. Early attempts to determine growth 

rate and palate dimensions were met with difficulty 

due to the migration of teeth, variations in procedures 

and the lack of normal values. As a result, this 

-14-



physical finding has been left to ernperical judgment 

and subjective bias. 

This paper proposes the use of a bidimentional 

caliper which negates the use of dental casts and 

yet provides statistical reliability in clinical 

surveys. 

A random sample of 176 children was used to 

establish norms for the ages of 6 through 13. All 

calculations were biostatistically processed. Means 

for palatal width, palatal height and palatal index 

were established. 

It is noteworthy to mention that increments in 

palatal height are the results of growth changes of 

the maxilla; and the most dynamic periods of growth 

are related to the ages of deciduous and permanent 

dentition. 

The range of variation in mean palatal width of 

these age groups studied was from 29 to 37 mm. The 

range of mean height was from 12.5 to 14.0 mm. Pala-
(Height ) 

tal index lWidth X 100} was observed to decrease with 

age. This latter finding demonstrates the growth 

-15-



phenomena of the alveolar processes increasing in 

height and width while the top of the palatal vault 

remains constant. 

Another interesting observation was that statis­

tically significant variations could occur in any one 

of these three dimensions without necessarily affecting 

the other two. 

It is proposed that these norms be applied to 

patients with the above mentioned syndromes in order 

to establish values for quantitative comparison. This 

instrument might thereby provide usefulness in a 

variety of clinical surveys and stimulate investiga­

tions of this fascinating aspect of human biology. 

I am most grateful to Dr. Henry Lynch, Dept. of 

Internal Medicine, University of Nebraska College of 

Medicine, for his suggestions, encouragement and tol­

erance during the lengthy period in which this paper 

has been in the process of preparation. To Dr. s. 

Weinstein, Dept. of Orthodontics, University of 

Nebraska College of Dentistry, I would like to express 

my deep appreciation and sincere thanks for his interest 
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and assistance in preparation of the instrument. 

Finally, I am indebted to the principal and teachers 

of Our Lady of Lourdes Grade School for permitting 

the use of the school in collecting the subjects. 
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AGE SEX - -
5 M 

5 M 

5 M 

5 M 

5 F 

5 F 

5 F 

5 M 

5 M 

5 F 

5 F 

5 F 

5 M 

5 F 

5 M 

PALATE MEASUREMENTS 

TABLE I 

- - . ~ - . 

WIDTH (in MM) 

3t 

30 

33 

29 

26 

26 

27 

35 

27 

28 

3t 

28 

27 

28 

29 

-18-

.. ' . - . 
INDEX (in MM) HEIGHT (in MM) 

4t 12.t 

42 12.s 

41 13.5 

45 13.t 

41 10.5 

52 13.5 

51 14.0 

37 13.0 

44 12.0 

45 12.5 

40 12.0 

41 11.5 

48 13.t 

46 13.t 

43 12., 



. ... . ·- - - ..... - .. ·-- . - , rNDruc ci'~ MM). AGE SEX WIDTH ( in MM) HEIGHT {in MM) 

6 M 31 47 ~4.5 

6 M 27 48 13.0 

6 M 27 39 lt.5 

6 M 30 37 11.0 

6 M 27 48 13.t 

6 M 29 44 13.5 

6 F 28 41 11 .5 

6 F 28 50 14.t 

6 F 31 35 10.5 

6 M 27 50 13.5 

6 F 29 43 12.5 

6 F 24 54 13.t 

6 .F 27 44 12.0 

6 F 35* 37 1,3 •• 

6 F 28 41 11 .5 

6 F 29 43 12.5 

6 ·p 26 37 9.5* 

6 F 28 41 11 .5 

i M 31 37 11.5 

1 M 29 39 11 .5 

7 M 31 40 12.s 

7 M 31 48 14.5 

-19-



. ·-- ' -· •· - . ' .... . ·-··· . - -. ,. - .. - ' - .. ---, ' ' - · ..., .,. . 
HEIGHT '(tn MM) AGE SEX WIDTH (in MM) INDEX (in MM) 

7 M 30 40 12.0 

7 M 25 40 l:O.t 

7 M 26 48 12.5 

1 ·p 31 42 12.s 

7 M 34* 38 13.I 

7 M 28 41 11.5 

7 M 31 43 13.5 

7 M 31 33 11 .0 

7 F 31 47 14.0 

7 F 28 lJ.8 13.5 

7 .F 29 41 12.0 

7 F 24* 52* 12.5 

8 F 33 35 11 .5 

8 M 27 50 13.5 

8 M 33 39 13.0 

8 ·p 29 41 12.0 

8 F 31 38 11.5 

8 F 33 39 1.2.0 

8 F 28 55 15.5 

8 F 28 52 14.5 

8 M 31 41 12.5 

8 F 31 41 12.5 

-20-



- ··- -- ~ -, - INDEX cin: MM). HEIGHT (in MM) AGE SEX WIDTH (in MM} 

8 M 34 49 16 ~ . . 
8 ·p 32 42 13.5 

8 M 33 38 12.s 

8 M 21* 69* 14.5 

8 M 26 43 U .5 

8 F 27 46 12.5 

8 F 24 52 12.5 

8 F 29 so 14.5 

8 M 33 32 10.5 

8 M 30 41 12.0 

8 M 31 42 13.0 

8 M 34 37 12.5 

8 M 26 52 13.5 

8 M 21 56 15.0 

8 M 27 46 12.0 

9 M 32 55 17.s* 

9 M 31 43 13.5 

9 ·p 41* 34 14.0 

9 F 31 47 14.5 

9 M 31 40 12.0 

9 M 31 38 12.1 

9 F 28 41 11 .5 

9 M 31 45 13.5 
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• .•• ., " - • # • •·· - .. -- ~ ' - . -· . - ·- .. HE.IGHT ( ih MM), AGE SEX WIDTH ( in MM) INDEX (in MM) 

fl M 29 48 14.t 

9 M 31 58 11 .5* 

9 ·p 33 41 13.5 

9 ·p 24* 56 13.5 

9 ·p 33 36 12.0 

9 M 30 42 12.5 

9 M 31 43 13.5 

9 M 27 55 15.0 

9 M 35 39 13.5 

9 F 28 50 14 .0 

9 M 33 39 13.0 

9 M 34 39 i3.S 

9 M 31 St 15.t 
\, 

10 M 33 41 13.5 

10 M 34 46 15_.5 

10 M 34 39 13.5 

10 F 29 45 13.0 

10 F 29 55 16.0 

10 F 29 43 12.5 

10 M 31 53 ~6.0 

10 M 32 42 1.3.5 

10 M 30 52 15 . 5 

10 F 31 35 11 .. , 
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. .. . _,, ...,. -- - ., . . - - - -

AGE SEX WIDTH (in MM) INDEX (in MM) HEIGHT (in MM} 

10 F 36 40 14.5 

10 M 35 43 15.t 

10 M 27 54 14.5 

10 F 33 35 11.5 

10 :F 30 40 12.0 

10 F 33 35 11.5 

10 -p 33 39 13.0 

10 F 23* 67* 15.5 

·10 F 29 43 12.5 

10 M 35 41 14.5 

10 F 27 50 13 .• 5 

10 F 31 43 lf. 3.5 

10 M 30 43 13.0 

10 M 28 50 14.0 

10 M 28 51 14.0 

11 M 31 41 12.s 

11 F 31 63* * 19.0 

11 M 33 42 14.t 

11 F 33 48 16.t 

11 :F 26* 56* 14.5 

11 M 36 38 13.5 

11 M 39 37 14.5 
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AGE 

11 

11 

11 

11 

11 

11 

11 

:Ll 

11 

11 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

12 

12 

12 

SEX 

M 

M 

F 

M 

F 

-F 

-F 

F 

M 

M 

F 

M 

M 

F 

F 

M 

M 

M 

M 

F 

-F 

F 

F 

- ... - ,. -- . -

WIDTH (in MM) 

32 

33 

34 

37 

34 

32 

30 

33 

33 

39 

30 

34 

38 

34 

30* 

34 

40 

40 

39 

40 

36 

39 

38 

- 24-

INDEX (in MM' 

39 

41 

35 

36 

29 

36 

42 

38 

41 

36 

42 

31 

34 

39 

48* 

43 

24 

27 

36 

28 

39 

32 

36 

HE.IGirr -( in MM) 

12.5 

13.5 

13.I 

14.0 

10.0 

11.s 

12-.5 

12.s 

13.5 

14.1 

12.s 

10.5 

13.I 

13.5 

14.s 

14.5 

1e.s 

11.0 

14.0 

14.0 

14.0 

12.s 

13.5 



~- . ...... ~. - . ' . ~ - .• - - ~ - - . . . .,__ . - ~- ' . - ' . .. 
AGE SEX WIDTH (in MM) INDEX ( in MM) HEIGHT (in MM) - -
12 M 38 38 14.5 

12 F 31 43 16.0 

12 -F 33 39 13.1 

12 p 36 33 12.1 

12 M 35 38 12.0 

12 F 34 38 14.0 

12 M 38 28 10.s 

13 M 30 48 14.5 

13 M 34 41 14.0 

13 M 40 29* 11.s 

13 F 36 32 11.s 

1.3 M 34 43 14.s 

13 F 33 47 1s.s 

13 p 34 43 14.5 

13 .F 33 45 15.0 

13 p 33 39 13.0 

13 M 35 31 13.I 

13 M 33 39 13.0 

13 :F 33 41 13.5 

13 M 40 34 13.5 

13 -p 38 36 !3.5 

13 M 35 43 15.1 

- 25-



-- . ... - .- -
INDEX. (i.~- MM} 

••. -_, .. :- .. 

AGE SEX WIDTH ( in MM) HEIGHT (in MM) 

13 F 36 44 16.o 

13 F 35 34 12.0 

13 .F 35 41 l4.5 

13 F 38 45 17.0 

~Asterisk denotes individual measurements which were greater 
- than two standard deviations from their respective means and 
thereby statistically significant. 
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; . . . , ... .. -.... 
AGE NO. O:F SAMPLES MEAN 

6 18 28 

7 16 29 

8 25 29 

9 21 31 

10 25 31 

11 21 33 

12 16 37 

13 19 35 

Table II 

Summarized Data of Palate Width 
All values are expressed in MM 
S.D. = Standard Deviation 

RANGE --

24 - 35 

26 - 34 

21 - 34 

24 - 41 

23 - 36 

26 - 39 

30 - 40 

30 - 40 

s.E.M. = Standard Error of the Means 

-27-

s.n. S.-E.M. 

+2.3 +0.54 

+2.4 +0.60 

+3.3 +0.66 

+3.3 +0.72 

-
+3.0 +0.60 

+3.2 +0.70 

-
+2.8 +0.70 

.. 
+2.5 +0.57 



. - . ~ . ·~' .. , ,. . -- ' ' , - .... -
AGE NO. UF SAMPLES MEAN RANGE S.D. S.E.M. 

5 15 29 26 - 35 +2.4 +0.62 

-28-



. . - ~ - ~ - -~ - -:- ., . -
RANGE {in, MM) - .. 

AGE NO. o·p SAMPLES MEAN (in MM) S. D. S.E.M. -
6 18 12.5 9 .5 .... 14.5 +ll .3 +0.33 

7 16 12.5 10.0.,. 14.t +1.1 +t.28 

8 25 13.0 10.5 ... 16.5 +1 .4 +0.28 

9 21 14.t 11.5 - 17.5 +1 .5 +t.33 

10 25 13.5 11.0 - 15.5 +1 .4 +0.28 

11 21 13.5 10.5 - 19.o +l .8 +0.39 

12 16 13.t 10.5 ... 16.o +1.6 +0.40 
' 

13 19 14.t 11.5 - 11.0 +1.4 +0.32 

Table III 

Summarized Data of Palate Height 

s.D. = Standard Deviation 

s.E.M. • Standard Error of the Means 

-29-



., - - -- - .. ... --
AGE NO.OF SAMPLES MEAN (in MM) RANGE (in MM) s.D. S.E.M • 

5 15 12.s 11.5 ~ 14.t +t.9 +0.23 

-30-



' - - - -- --,-,- . . - .,. ";' -

AGE NO. OF SAMP'LES MEAN RANGE --

<S 18 45 35 - 54 

7 16 42 33 - 52 

8 25 45 32 - 69 

9 21 45 34 - 58 

10 25 47 35 - 67 

11 21 39 34 ... 63 

12 16 35 24 - 48 

13 19 40 29 - 48 

Table IV 

Summarized Data of Palate Index (l! x 100) 
w 

s.n. = Standard Deviation 
S.E.M. = Standard Error of the Means 

-31-

S.D. S.E.M. -
+6.0 +1.4 

+4.9 +1.2 

+6.7 +1.3 
. . 

+6.5 +1.4 -
+7.6 +1.5 

+7 .6 +1.7 -
, . 

+6.4 +1.6 

+5.1 +1.2 



•- -• - "' - . ·- .. - .. - - ·er ·• ...... ·· ·- ·-
AG~ NO. O:F S.Af.il>LES MEAN RANGE s.n. S.E.M. --

5 15 43 41 "" 52 +4.2 +1.1 
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Graph II Palate Height Data 

Double line represents the mean height 
Shaded area represents the height range 
Dotted line represents the statistically two 

standard deviation from the mean ·height 
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Graph I Palate Width Data 

Double line represents the mean 
Shaded area represents the range 

' , , 
, 

, 

Dotted line represents the statistically 
significant two standard deviation from 
the mean width 
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Shaded area represents the index range for each age group 
Dotted line represents the statistically significant two 
standard deviation from the mean index 
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