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PREFACE

A study  such as th is  can be described  in a v ery  simple 

fash ion . The calcified image of the bones of the h ead , as s tru c 

tu re s  reflective of th e  sta te  of the human organism , are m easured 

a t the  least at two d ifferen t times to determ ine w hat has o ccu rred  

d u rin g  the  in te rv en in g  period.

In th is  re g a rd , the p re se n t s tu d y  received a valuable assis t 

in th a t m agnification p re se n t on each of the  x -ra y s  has been docu

m ented. Because of th is changes in the  bones of the  head which 

may be o ccu rring  a t a level below the pow er of g ro ss  observation , 

may be recognized and m easured with re la tive  p recision . To an 

approxim ation th a t is perhaps th e  b est th a t the  roen tgenographic 

cephalom etric technique and th e  p re se n t sample can o ffe r , the 

following study  is p resen ted  as an attem pt to decipher continuing  

biological alteration  in the adu lt.
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INTRODUCTION

Craniofacial b io logy , and  the  re la ted  clinical d isc ip lin es , 

have been traditionally  concerned with the grow th and developm ent 

of the craniofacial complex from b irth  only up to about the second 

decade of life. This period  of time covers the rap id ly  accelera ting  

and  dram atically obvious changes in the craniofacial skeleton and  

soft tissu e s , and it is the period  when treatm ent has trad itionally  

been u n d ertak en  to co rrec t problem s of grow th. Thus the g a th e r 

ing  of grow th data  has focused principcilly on th is period in most 

p rev ious growth stud ies because the inform ation gained is deemed 

n ecessary  fo r childhood and adolescent p a tien t care . However, as 

more and more adu lts  a re  u n dergo ing  orthodon tic , o rthognath ic  and 

o th e r forms of medical and  den ta l ca re , it would appear quite  u sefu l 

to now g a th e r similar inform ation fo r the o lder ages. F u r th e r ,  

la te r-life  changes may have a profound  influence on the  ultim ate 

success of adolescent th e ra p y , the  longevity  of the  dentition and  

the  general health  of the ag ing  individual.

Most adolescent craniofacial s tud ies  to date have presum ed 

th a t changes which may occu r in the post-ado lescen t craniofacial 

skeleton to be minimal. In d eed , the  presum ption th a t the  ad u lt 

s ta te  is simply one of m aintenance of form pervades the  l ite ra tu re . 

This is p erhaps in ap p ro p ria te  as it is known in o th er disciplines 

th a t developm ental p rocesses and  changes in m orphology continue 

long a f te r  p u b e r ty .

1



CHAPTER I

REVIEW OF THE LITERATURE

Biological Changes m Aging

Growth is a w ord, a term , a notion, covering  
a v a rie ty  of d iverse  and complex phenom ena.

- Paul Weiss

I t is fa irly  well established  th a t a wide v arie ty  of basic 

histologic and physiologic alterations are a t leas t coincident with 

ag ing . However, even with m anifest a lte ra tio n , the only consisten t 

th o u g h t th a t can be applied to aU aging system s is one of p ro g re s 

sive change (K ohn, 1971).

Some of the  changes may be viewed as in c reasin g  the  func

tional capabilities of the living being and th u s  p a r t  of p re -m atu ra 

tion al developm ent; o ther changes may be viewed as im pairing the 

capacity  to function and th u s  associated with the development of 

sen ility . However, this discrim ination is fo r convenience only 

because the  delineation between early  developm ent and la te r  changes 

in th e  aged is unclear as to when one process ceases and ano ther 

b eg in s . In fa c t, the only beginning may b e  life with all p rocesses 

con tinu ing  u n til death .

Early changes are often spoken positively  of in term s of 

"life", "g row th", "developm ent", " increase"; while la te r  changes are



spoken of in term s of "death", "de terio ra tion", "senescence", "invo

lu tion", and  "degeneration". This too, is p erh ap s  inappropria te  as 

the w ords conclude as qualitative emotional judgm ents about the 

altera tions th ro u g h o u t the biological continuum of l ife . Ambivalent 

change is the only consistency th roughou t aging with all develop

m ental term s applicable to all phases of life d iffering  only in the 

relative amount of activ ity .

Functional A lterations w ith Age

The outw ard changes of aging are most often no ted , g en er

ally in re g a rd  to perform ance, superficial ap pearance, and function . 

The acuity  and range  of perform ance of the  special senses diminishes 

in re g a rd  to s ig h t, hearing , ta s te  and smell. Memory, problem 

solving, concentration  and the abüity  to learn  are  also somewhat 

diminished (S incla ir, 1978). B reath ing  capacity  is a lte red  (v ita l 

capacity  d ec reases). G enerally, blood p re ssu re  increases although 

a fall in systolic p re ssu re  may be noted upon s tand ing  apparen tly  

due to a depression  of autonomic control (S incla ir, 1978), as well as 

a dram atic drop in diastolic p re ssu re  betw een h e a r t b ea ts . Cardiac 

o u tp u t d ecreases. Thermal regulation by the  nervous system  also 

apparen tly  becomes a lte red , with basal hea t p roduction  decreasing . 

G eneral motor perform ance as well as coordination, precision of 

movement, reaction time, and s tre n g th  change with age (S te rn  et 

al. , 1980). Examples famüiar to the lay person  are  seen in aging 

a th le tes and v ery  aged ind iv iduals. Posture  is a lte red  and changes



in body composition (more fa t, less m uscle) are noted d u rin g  middle 

age p e r io d s . Iatrogenic functional a lterations a re  also qu ite  pos

sible as a re su lt of long term medication given in response to 

system ic d iseases , which tend  to become more p rev a len t in th e  older 

age g roups (Baum and B odner, 1983).

While these  notations re p re se n t some of the  outw ard a sse ss 

ment o b serv a tio n s , d iverse  physiological changes within the o rgan 

isms estab lish  the  basis fo r such changes. A limited discussion of 

age changes follows to exemplify the m ultitude of p ro g ress iv e  a lte ra 

tions th a t occur. For more ex tensive review s the rea d e r  may consult 

Andrew (1971), Sinclair (1978), Kohn (1978), and Finch and 

Hayflick (1977).

In trace llu lar Changes

I t is v e ry  clear th a t d ifferen t cell ty p es  have ch arac te ris tic  

life sp an s ; with ev iden t in trace llu lar changes; the  sim plest example 

being a microscopic view  ̂ of s tra tified  squamous epithelium . It 

would th u s  be expected  th a t changes within the  cells as they  age 

are num erous. Many ceU types have been s tu d ied  ex tensive ly  and 

such changes have been described  in detail. However, while it is 

clear th a t cells change th rough  time in s tru c tu re ,  function , and 

response to stim uli, th e re  has been g rea t d ifficu lty  in quan tify ing  

any such changes as due only to age because of the  continuing 

process of cell renew al.

In sp ite  of th is , varied  experim ental evidence su g g e s ts , in 

g enera l, th a t macromolecules, o rganelles, s tru c tu ra l  elem ents (such



as membranes and myelin) and chromosomes change th ro u g h  time 

(K ohn, 1978). Long-lived cells lose th e ir  ability to syn thesize 

certa in  cell com ponents, p ro p erties  of organelles ch an g e , enzyme 

content c h a n g es , and accumulation of several types of insoluble 

substances such as lipofuscin and  various m inerals occurs th ro u g h  

tim e.

While it is ap p aren t th a t a g rea t deal of research  s till needs 

to be done in the  area of in trace llu la r ag ing , it is usually  surm ised 

th a t the  chief d isab ilities of aging begin with changes w ithin cells 

and tissu es  of the  body , especially in th e  p rocesses of grow th and 

ceU replacem ent. I t  is c lear th a t mitoses begin  to faü to compen

sate for ceU death  in the aging organism .

E xtracellu lar Changes

Although equally as difficult to study  as in trace llu la r 

ch a n g es , a ltera tions also occur in the  ex trace llu la r component with 

age. G enerally, th e re  appears to be some loss of p ro teog lycans, 

changes in polysaccharide con ten t (Sobel, 1967), a re d is tr ib u tio n  of 

w ater with to tal ex trace llu la r w ater decreasing  (more in fem ales), 

basem ent membrane th icken ing , and an accumulation of various 

sa lts , h p id s , and ex trace llu la r m inerals (K ohn, 1978).

Collagen, as an in teg ra l p a r t of the  body in general and as 

an im portan t component involved in ag ing , has been s tud ied  ex ten 

sively . With in creasin g  age, collagen fib e rs  dem onstrate an in 

crease in num ber and g re a te r  crosslink ing  (Butzow and E ichorn,



1968) a p rocess which is most rap id  and extensive betw een 30 and 

50 years of age (K ohn, 1978). The fibers also increase in diam eter 

(co rnea, sch le ra , tendons, m eninges) to a stabilization and a la te r 

decrease in size (L inken, 1955). Soluble collagen d isappears as the  

organism ceases grow th (B anfield , 1952). There is also a decline in 

the resis tance  of collagen to pro teoly tic  enzymes such as coUagen- 

ase , a decrease in tensile  s tre n g th  and in ex tensib ility . In  high 

s tre s s  areas collagen also appears "bent" and damaged.

Elastin becomes th ickened  with age and altered  in d is tr ib u 

tion th roughou t the body (fo r example, increased  in th e  strom a of 

h ea rt skeletal muscle and skin of n eck ). I t is also sometimes d es

cribed  as fray ed , fragm en ted , b r ittle  or less elastic , a lte red  in 

color (more yellow) and showing evidence of calcium deposition.

While cellular and ex trace llu la r changes appear to p rov ide  a 

basis for the aging p rocess  th e re  is g rea t difficulty in th e ir  s tu d y . 

Aging effects re la tin g  to tissu es  and organ system s are more g ro ss 

ly ap paren t and as such have been more thoroughly  docum ented in 

the lite ra tu re .

Skin

Perhaps the most obvious signs of aging are a p p a ren t to aU 

upon viewing the  sk in . Both on microscopic examination and v isual 

inspection , the skin comes to appear pale, yellowish, flaccid  and 

inelastic in the aged.



S tru c tu ra lly , it is ap p aren t th a t the epiderm is becomes 

th in n e r, and at advanced age levels th e re  is a loss of subcutaneous 

fat. The w rinkling of the  skin apparen tly  re su lts  from a com

bination of fac to rs  including  a change in connective tissu e  a rra n g e 

m ent, fib e r p ro p e rty  altera tions (more basophilic), fib rob last 

changes (ceU num ber and secre to ry  activ ity  d ecreases, nuclei are  

p y k n o tic ), a decrease  in p ro teog lycans, and repeated  m uscular 

action coupled with a loss of elasticity  of the  skin.

A trophic changes are  also noted in the sebaceous glands

and hair follicles. Increased  pigm ent deposits are  also no ted .

Slowing of naü  grow th in the adult consisten tly  occurs (in the 

rab b it and mouse nail grow th in c reases).

Healing of the  skin becomes slowed and often com phcated by 

u lcers . This is apparen tly  induced by a diminished blood supply  

along with lower sca r s tre n g th  resu ltin g  from dim inished collagen 

formation and a declining ra te  of scar co n trac tio n .

Blood V ascular System

Age changes are  noted from the smallest capillary  to the

h e a r t, both in morphology and in the regu la to ry  mechanisms re la ted

to them. In the la rg e r  a r te r ie s  th e re  is increased  rig id ity  and loss 

of tensile  s tre n g th  and stre tchab iU ty  (K raflea, 1940; H aas, 1943). 

In te rn a l changes include m anifest a ltera tions in the  composition and 

th ickness of the various la y e rs , increased  deposition of co llagen , 

calcification, changes in lumen size and shape, and fray in g  o r 

sp litting  of the  in te rn a l elastic  lamella.
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A gradual reduction  in the  num ber of capillaries and an 

increase in the irre g u la r ity  of the capillary netw ork occurs as 

evidenced by the ex tensive to rtu o s ity  th a t develops in the hand  and 

foot (B astai and D oghotti, 1937). These conditions may lead to 

increased  in trav ascu la r aggregations of red  blood ce lls . Histological 

changes include an increase  in the re ticu la r connective tissu e .

The veins show increasing  th ickening  with age along with a 

decrease in muscle f ib e r s . In creased  collagen fib e r accumulation is 

also p re se n t along with focal deposition of calcium.

The h ea rt becomes smaller with age in the absence of d is

ease and shows considerable ch an g e . By d iffering  amounts in the 

waUs of each cham ber th e re  occurs d iffuse th ickening  of the endo

cardium , calcification, fa t deposition , plaque form ation, collagen 

fiber accumulation, a trophy  of the  smooth muscle and o ther similar 

changes involving the  valves, conduction system  and epicardium .

In the blood th e re  is apparen tly  little  observable change 

with age in terms of cell ch a rac te ris tic s  and cell num bers excep t fo r 

the lym phocytes. In the  hemopoietic system  the marrow tissue  is 

apparen tly  h ttle  changed excep t for a decrease in response to 

stim uli. Similarly, Knobloch (1954) showed the in ten sity  of e ry th 

ema b ro u g h t about by noxious stimuli is g re a te s t in the  th ird  and 

fo u rth  decades and leas t in the  s e v e n th .

Lymphatic System

In lymphoid tissu e  s tr ik in g  changes occur with age. Gen



erally  it has been shown th a t lymphatic tissu e  shows progressive  

a trophy  and th u s  diminishes with age ( Iv y , 1952), except in the 

lung  (Miller, 1924, 1937). The germinal cen te rs  of the lymph nodes 

s ta r t  to change at p u b erty  as the cortex  becomes th in n er and the  

distinction  betw een the cortex and medulla fades. For the palatine 

tonsil, i t  appears  to reach  maximum size a t p u b e rty ; the size is 

m aintained u n til the 70's when decreases are  noted (H ieronym us, 

1933). In the adenoids, Todd (1936) found they f irs t  appeared at 

about 1 y ea r of age; increased  in size to 3 years of age and then 

rem ained stab le  to adolescence, th e re a fte r  undergo ing  gradual 

involution. While the thymus shows g rad u a l decline in size, a total 

degeneration  does not occur as has been th o u g h t. In the spleen, it 

is noted the o rg an 's  weight and size increases into the 20's and is 

stab le  un til the 60's when a decrease is n o ted . The lymphoid tissue 

w ithin the  spleen increases into the 20's followed by a la te r  gradual 

d ec lin e .

R esp ira to ry  System 

U nexpectedly th e re  appears to be a definite increase in 

elastic  connective tissue  with age in the re sp ira to ry  system . How

ev e r, the re sp ira to ry  cage overall apparen tly  becomes less elastic in 

n a tu re  due to muscle and cartilage c h a n g e s , re su ltin g  in decreased 

b rea th in g  capacity . Lymphoid tissue  increases along the re sp ira 

to ry  tra c t  with age.
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U rinary System

For the kidney gross age changes include generalized 

a tro p h y , capsu lar thickening and surface irreg u la ritie s . Histologic 

changes include glom erular, tu b u la r, in te rs titia l, and vascu lar 

a lte ra tio n s . The cortex diminishes in size in  th e  60's as does the 

num ber of glom eruli. With k idney impairment due to the loss of 

function ing  tissu e , blood urea tends to r ise  as does blood choles

te ro l, su g a r, creatin ine and u ric  acid. There is also decreased 

excretion of calcium, phosphorus and hydroxyproline (D equekar, 

1972; Saleh and C oenegracht, 1968). The kidney is less responsive 

to stimuli in terms of diminished h y p ertro p h y  in one kidney in 

response to removal of the o ther k id n e y .

R eproductive System

For the  male, production of viable sperm continues into old 

age in sp ite  of notable gross and histological changes in the te s tis , 

p ro sta te  and o th er related tissu es. The frequency  of in terco u rse  is 

said to tap e r with age. For the female, at menopause the active

cycles cease. This then affects the many re la ted  s tru c tu re s  e s 

pecially seen in atrophy  of the  ovaries and u te ru s  with age. Re

lated  endocrine change and system s in te rp lay  a re  also apparently  

qu ite  im portant in the age changes of o th e r body com ponents.

D igestive System

With the changes noted in the body tissues in general, it
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would not be su rp ris in g  th a t considerable age changes would be 

noted  in the complex digestive system .

In the oral cav ity , with age it is ap p aren t th a t the  tee th  

undergo  considerable change (see A.E.W. Miles, 1961 for a rev iew ). 

P erhaps the most recognized change involves a ttritio n  of the tee th , 

b u t th e re  also appears to be considerable alteration  in the position, 

continuing  eruption  and inclination of the  tee th  with age (B eyron , 

1954; Parma, 1943; Ackerman, 1946; Wüd, 1946; Moses, 1946) with 

u p rig h tin g  of the  incisors noted by LyseU and M yrberg (1971), 

H um erfelt and Slagsvold (1972), and F o rsb erg  (1976, 1979). The 

chemical composition, physical c h a ra c te r is tic s , resis ten ce  to decay 

and color of the tee th  also appear to change as does the blood 

supply  to the  teeth  (B ern ick , 1967).

The salivary  glands become a lte red  in s tru c tu re  (accum ulate 

fa t and oncocytes) and the quantity  and quality  of th e ir  digestion- 

re la ted  secre tions a re  changed (M eyer, S p ier and Newvelt, 1940). 

This p erh ap s  accounts fo r the mouth and Kps being d rie r  than 

those of the  young.

The tongue shows a decrease in m obility , muscle tone and 

s tre n g th  and a decrease in muscle f ib e rs . Baum and Bodner

(1983), in assessin g  oral motor function in individuals rang ing  in 

age from 23-88 y ea rs , found dim inished oral function with age 

reg a rd le ss  of dental condition. Males showed the most deviant 

behavior in tongue function and swallowing. A change in the

ability  to chew, lack of tongue su p p o rt and a lte red  swallowing
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p a tte rn s  were noted . This is consisten t with the  work of Feldman 

and his associates (1980), who found th a t the oral m usculature 

changes re su lted  in an increase in the time the  aged needs to 

p rep a re  food fo r swallowing.

The re la ted  tissues of the  oral cavities also undergo  change 

with age. Temporomandibular joint changes include an apparen t 

h ard en in g  and loss of elasticity  of the capsu lar ligam ent and in te r-  

a rtic u la r  d isc . In conjunction with muscle changes, th e  bite force 

is reduced  with age (see M assler, 1971; Kaplan, 1971; Elfenbaum, 

1970; and S hear, 1967 for more d e ta ils). Obvious general a lte ra 

tions are noted for the h p s , gingiva and oral mucosa.

In the stomach a chronic atrophic g a s tr itis  is common in 

people over 50 years of age with a th inn ing  of the mucous mem

b ra n e s , leucocyte in filtra tion  and a s tru c tu ra l change in the g astric  

g la n d s . A chlorhydria is also noted along with the p resence of 

increased  benign g astric  polyps. The stomach is also less d is ten 

sible due to a decline in elastic ity .

In the in testines m arked changes are  noted with smooth 

muscle d ecreasin g , amyloid deposits , a trophic c ry p ts  of L ieberkuhn 

and an increased  incidence of d iv e rticu lo s is . In the  append ix , age 

changes include obliteration of the lumen, fusion of th e  waUs and 

considerable fib ro sis . Functional a ltera tions reg a rd in g  m otüity, 

ton icity  and absorp tive  capacity of the in testines are  also affected . 

For exam ple, th e re  appears to be reduced  absorp tion  of calcium and 

p h o sp h o ru s . V ascular, muscle and neuronal control changes are 

also apparen tly  causative in terms of hem orrhoid formation and 

co n s tip a tio n .
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R elated organs such as the pancreas and liver also show 

evidence of age changes. The pancreas exh ib its  a smaller size, 

m etaplasia of the epithelium , an increase in fa t tissue  and evidence 

of pigm ent accumulation. The h v er shows a decrease in size and 

w eight with age and additional histological changes which are r e 

ported ly  difficult to in te rp re t.

Endocrine Glands

In general the endocrine glands dem onstrate a generalized 

fib rosis  with age (especially  the  su p ra ren a l m edulla), calcification 

(especiaUy the pineal g land) and o ther rou tine  histological changes 

associated with generalized a trophy . It is im portant to note the 

ag e -re la ted  changes in the end p roducts of endocrine gland p roduc

tion .

The production  of hormones is a lte red  substan tia lly  with 

age. Because of the  complex in teraction  of endocrines among them

selves and with many and varied  t is s u e s , knowledge of age changes 

is lim ited. However, in general it is c lear th a t aging affects many 

asp ects  of endocrine regu la tion , does not affect all the  endocrine 

glands equally , at the  same time, o r all the d ifferen t hormones 

secre ted  by the same gland to the same ex ten t (G regerm an and 

B ierm an, 1974). Aging can cause a lte red  secretion  r a te s , p a tte rn s  

of secre tio n , responses by the  tissue  fo r which the hormone is a 

ta rg e t ,  blood tra n sp o r t mechanisms of the  hormone, and altered  

breakdow n and excretion ra te s . Specific changes in hormones with 

age are  summarized in Table 1 (d eriv ed  from Gregerm an and 

Bierm an, 1974).
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N ervous System

In general th e re  is a decrease in b ra in  w eight, a narrow ing 

of the cereb ra l g y r i, and a w idening and deepening of th e  sulci. 

Shortly  a fte r  p u b e rty  a d iffuse a trophy  of the b rain  b eg in s , e s 

pecially fo r th e  fro n ta l lobes and olfactory bulbs (T e r ry  and 

G ershon, 1976; Lenman, 1975; Marshall and B errio s, 1979; S inclair, 

1978). The num ber of cells in the tem poral lobes and th e  num ber 

of Purkinje cells in th e  cerebellum  are  steady  to the early  60's

followed by a decline (S incla ir, 1978). T here is a re la tiv e  increase  

in neurogha tis su e , lipofuscin deposits are  common, the  organization 

of the d en trite s  change and it is estim ated th a t by the  60's some 

20% of the  to tal num ber of neurons are lost.

The num ber of n erv e  fibers  in the  dorsal roots of the

spinal n e rv es  decrease  a f te r  about age 30 y ears . In g en era l for 

the spinal cord  and p o s te rio r root ganglia, atrophy and pigm enta

tion accumulation are  p ro g ress iv e  with age.

In the  p e rip h e ra l nervous system  it is noted th a t the  maxi

mum speed of conduction in large  n erves decreases, b u t the speed

of conduction in simple reflex  arcs  does no t. Although skin sen si

bility does not change, the num ber of M eissner's co rpuscles de

c reases . The num ber of ta s te  buds also decrease . N erve in ju ries  

heal less sa tisfac to rily  in the aged.
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For the eye, g rossly  th e re  is a loss of fa t in the  o rb its  

which makes the eyes ap p ear sunken . The sclera becomes infil

tra te d  with fa t, and many changes a re  noted  in the  cornea and  

re tin a . For the  iris  th e re  is a fad ing  of the pigm ent. The lens 

becomes less elastic reducing  th e  power to accommodate, a g rad u a l 

opacity  o ccu rs, and i t  p ro g ressiv e ly  becomes th ick e r (Weale, 1963). 

For the ear a g radual loss of acuity  occurs and a high tone h earin g  

loss with age is no ted .

Muscle

Muscle tissue  has been  ex tensively  stud ied  in re g a rd  to 

aging and it is very  ev iden t m anifest morphological and  functional 

a ltera tions occur (G utm ann, 1970; 1977). While the changes v ary  

somewhat according to location and species (human and r a t  in th is  

d iscu ss io n ), certain  generalities occur. With age skeletal muscle 

decreases in volume by  as much as 30% in w eight between 30 and 90 

y ears  (S incla ir, 1978). In th e  m uscles them selves capsu lar th ick 

ness increases (Swash and Fox, 1972), and th e re  is an increase in 

collagen and elastic tissue  th ro u g h o u t the stroma of the m uscle. 

Pigment accum ulations are  common as well as ex tensive fa tty  in filtra 

tion , with p erh ap s more in females (F ran tze ll and Inglem ark, 1951; 

Inokuchi et a l . , 1975). Mast cell num bers also increase .

Skeletal muscle m yofibrils show considerable change in term s 

of a rrangem ent, p a tte rn  and  in te g rity . With age th e re  is a de-
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crease in the total num ber of fib e rs  (Gutmann, 1970; Kawamura et 

a l . , 1977) as the fibers lose th e ir  s tria tions and d isappear to be 

replaced by connective tissue  (A ndrew  e t al. , 1959). Aged fibers  

may show a decrease in w idth , a decrease in the amount of sarco- 

plasm , th e re  may be a decrease in the num ber of nuclei, and a 

large  centrally  placed nucleolus. "Ringbinde" (a  s tr ia ted  r in g  of 

m yofibulary origin su rro u n d in g  a fib e r) occur (B e rg s tran d , 1938), 

as dem onstrated in the ten so r tym pani, laryngeal m uscles, d ia

phragm  and temporal muscles (G reenfield et a l . , 1957).

T ogether with a decreased  blood supply  and testo ste ro n e  

level with age, fu r th e r  critica l alterations would be expected  in 

re g a rd  to muscle function. Age changes also include changes in 

several enzymes involved in catecholamine syn thesis  and d eg en era

tion (McGeer and McGeer, 1976; Pradhem , 1980), decreased n eu ro n 

al axoplasmic flow, motor n erv e  cell death and motor un it a trophy  

with lapses in activation of single motor u n its  (Petajan and Ja rch o , 

1975), and a decrease in tran sm itte r  re lease . With these changes 

to g e th er with more inelastic tendons (Kohn and Rollerson, 1959), 

the following would be expected: decreased speed of con traction , a

decrease in the force of contraction and fran k  movement d iso rd ers  

(M arshall and B errio s, 1979).

Smooth muscle has received  little  atten tion  in reg a rd  to age 

changes except in conjunction with the blood vessels and the u te r 

u s . In th is reg a rd  age changes include an increase  of fa t accum u

lation and collagen between the  muscle f ib e rs .
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For the cardiac m uscle, in g en era l th e re  is an increase in 

the size of the muscle fibers  u n til the 60's and a decline th e rea fte r . 

Lipofucsin g ranules accumulate and th e re  appears to be an increase 

in the num ber of nuclei in an old h e a r t. Beyond these  general 

fea tu res  th e re  are age changes which a re  found unequally in d if

fe re n t areas of the h ea rt m uscle. F or th e  a tr ia  (d iffe rs  also some

what fo r r ig h t and le ft)  more fa t tissu e  develops with age and more 

elastic  connective tissu e  appears com pared to the  v en tric le s . Also, 

in the  a tr ia , fa tty  tissue is la te r  rep laced  with fib rous connective 

tissu e . In the ven tric les th ere  is an  increase  in re ticu la r fib e rs . 

A lterations are also p re sen t in the  conduction system  which would 

affect muscle function.

Skeletal System

With such manifest changes o ccu rrin g  in the body tissu es  in 

general it is ap p aren t th a t adulthood is not a stable physiological 

and morphologic period . Also, since these  changes affect the  many 

d iffe ren t tissu es  and biochemical mechanisms involved in bone p ro 

duction and d estru c tio n , it should not be su rp ris in g  th a t alterations 

can occur a t the osteological level.

While the  ea rh est concepts reg a rd ed  bone as quite sta tic  in 

n a tu re  d u rin g  adulthood, it is now fe lt th a t various dynamic 

changes occur th roughou t life even a f te r  ep iphyseal union. F u r

therm ore, with cartilage and bone, some age changes a re  more 

conspicuous and more easily p re se rv ed  than  fo r soft tissu es  and 

th u s  have received a g rea t deal of a tten tion  in reg a rd  to aging.
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With cartilage , it is readily  ap p aren t th a t a sh o rt term cycle 

of life ex is ts  when one views grow th , m atu ra tion , h y p ertro p h y  and 

degeneration  of chondrocytes seen in ep iphyseal columns (Scott and 

P ease, 1956; Policard and Boyd, 1958). On a long term basis , 

a f te r  ep iphyseal union, calcification of certa in  cartilages in re la tiv e 

ly young adulthood and p ro g ress in g  into old age is a common occur

rence  (Amprino and B aira ti, 1933). C hondrocytes may reproduce 

by amitosis in o lder people (Elliot, 1936), and ossification may in 

essence add to the length  of the bone th ro u g h o u t Life (Johnson, 

1964, 1966). In th is instance cartilage is invaded by coUagen which 

co n v erts  the cartilage into f ib ro c a rtü a g e . The collagen fibers  may 

also th icken and clump to g e th e r (asbesto s fo rm ation ), and calcium 

sa lts  may be deposited  around the f ib e rs  (calcified ca rtilag e). 

F u r th e r  m ineralization of the ex trace llu la r m atrix  may convert c a r ti

lage to bone. This has been dem onstrated in the la ry n x  (N oback, 

1949) and in the  cartilages joining the ends of the rib s  to each 

o th e r and to the sternum  (which can re s tr ic t  b rea th in g  m ovem ents).

I t  should be noted  in a r ticu la r  ca rtilag e , how ever, th a t a 

combination of grow th and reg re ss iv e  change often appears to be 

found with ag ing . F atty  inclusions w ithin cartilage  cells may occur 

leading  to some erosion of the a rticu la r su rface . This along wdth 

generalized  s tiffn ess  in the jo ints due to a loss of e lastic ity  in the 

jo in t connective tissue  may lead to p a in , conscious movement limita

tion , more collagen formation and degenera tion , and more s tiffness  

and  pain .
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In terms of th e  in te rv e rté b ra l d isk , a fte r about the  th ird  

decade, th e re  is some evidence th a t degeneration occurs th rough  

time which can lead to collapse u n d e r s tre s s . The nucleus pulposus 

shows a decrease in the num ber of ceUs, w ater co n ten t, mucoid 

substan ce , and an altera tion  of p ro te ins p re se n t. Ultimately the 

disk becomes d eh y d ra ted , pigm ented, fib ro tic  and sometimes calci

fied . This may lead to a reduction  in s ta tu re  especially in the 

lower p a r t of the v e r te b ra l column. The secondary c u rv a tu re  of 

the spine is usually  un affec ted , b u t the prim ary c u rv a tu re  re g re s 

ses to a s ta te  more like infancy which, along with w eakness in the 

postu ra l m uscles, re su lts  in "stooping". As a re su lt the  x ip h is te r-  

num is b ro u g h t closer to the  pubis and the muscles of th e  an te rio r 

abdominal wall slacken. T oge ther with the accumulation of adipose 

th is may b rin g  on a "bu lg ing  tum m y".

Bone in re g a rd  to aging a lte rs  quan tita tively  and quali

ta tively  . With age the  w eight of the skeleton d e c rease s , th e re  is a 

decrease in bone m ass, and  the  physical density  (w eight/volum e) 

decreases (T ro tte r  and  P e te rso n , 1955; T ro tte r  e t al. , 1960).

T here is also a decrease  in the  th ickness of the co rtex  of th e  rib  

(Sedlin , 1963), second m etacarpal (N ordin et a l . , 1966; Garn e t al. , 

1967; Morgan et a l . , 1967; D equeker, 1972), and fem ur (Sm ith and 

Walker, 1964). Some tra b ecu la r bone loss is also noted especially in 

females (Beck and N ordin, 1960; Sisons, 1964).

In reg a rd  to bone m atrix  composition, no g rea t s ign ifican t 

changes are  no ted , although some conflicting re p o rts  have been



21

made. T here are v a ry in g  rep o rts  reg ard in g  bone collagen depend

ing on the bone s tu d ied  and the  condition of the sub jec t. T here 

also appears to be g rea t variation in m ineral d en sity ; calcium con

te n t ,  phosphorus con ten t and th e ir  ra tios (FoUis, 1952; D equeker, 

1972; Johnston , 1964, 1969). Water content is a lte red  dram atically 

from some 60% in the v ery  young to about 10% in the  aged . T here 

is an increase  in apatite  and an increase in its  c ry s ta l size 

(Robinson and Watson, 1955), which are facto rs which may affect 

the piezoelectric p ro p ertie s  of bone which in tu rn  may affect the 

prevelence for f ra c tu re  and  the lessened  ability  to heal in  the  aged. 

However it m ust be s tre s se d  th a t no significant d ifferences in age 

or sex fo r bone m inerals or collagen conten t are  clearly  su b s ta n 

tia ted  (D equeker, 1972).

The histological changes in aging bone are n u m ero u s. The 

cellular components are  a lte red  with the osteocyte changing  from a 

filamentous to a spherica l shape as its  p rocesses re tra c t .  Filled 

lacunae, mainly in in te rs titia l bone, ind icating  cell dea th  a re  noted 

with age and the  to tal num ber of osteocytes decreases (Johnson , 

1964, 1966). C uriously  periosteal osteoclasts also have been noted 

to decrease in num ber in the r a t  and mouse fem ur (T onna, 1960) 

and in guinea p ig  condyles (Myers et al. , 1959). M itochondrial 

d ifferences are  noted  with age for the osteob last, b u t not the 

osteoclast (T onna, 1960).
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T he H aversian system or osteon , originally  formed by 

deposition of concen tric  lamellae w ithin an irre g u la r  resorp tion  

cavity  and  dem onstrating  a cen tra l canal with blood v esse ls , demon

s tra te s  a configurational change with age. The osteon changes from 

an eccen tric  cy linder in childhood to a small rounded s tru c tu re , the 

osteonal column becomes sh o rte r  and  th e  num ber of fragm ents of 

o lder osteones increases as does th e  to ta l num ber of osteons 

(Johnson , 1964, 1966). The c en tra l canal becomes w ider with the 

e x tra  space filled with fibrous or adipose tis su e . Plugged canals, 

mainly in perio stea l bone, become more p rev a len t p erhaps due to an 

in te rru p te d  vascu la r supp ly . Kerley (1965), found non-H aversian 

canals w ere v irtu a lly  absen t a f te r  55 y e a r s .

In re g a rd  to bone tu rn o v e r, bone rem odeling appears to be 

slower w ith age. Manson and Lucas (1962) noted  an increase in 

deposition ac tiv ity  (m andible) a f te r  50 y ears  of age, b u t a more 

m arked in crease  in reso rp tion  ac tiv ity . Josey (1960, 1963) found 

th e re  was a h igh  tu rn o v e r  ra te  in young bone b u t a rem arkedly 

lower tu rn o v e r  ra te  in young adult b o n e . In young adu lt bone 

th e re  was h ttle  bone formation and d es tru c tio n . The osteons 

appear to fuUy close and rap id ly  a tta in  a h igh m ineral d en sity . In 

old bone th e  dehcate balance betw een deposition and reso rp tion  was 

d is tu rb ed  with a g radual increase  in re so rp tiv e  ac tiv ity , p a rtic u 

la rly  on th e  endosteal su rface  with h ttle  ev idence of bone formation 

changes ( i . e . ,  no reduction  in bone form ation with ag e ).
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Kerley (1965) similarly found th a t new circum ferential 

lamellar bone was high in childhood and decreased  with advancing 

age (fem ur, tib ia and fibula; b ir th  to 95 y e a rs ) . In some older 

specimens this p rocess was v irtua lly  ab sen t while in o th ers  it was 

p re se n t to 95 years . Also Villanueva e t al. (1963) showed th a t an 

increase  in bone deposition occurred  in the  fo rties  following a peak 

in infancy and a period of g rad u a l decline from infancy to the 

fo r t ie s .

Enlow (1975) also pointed out th e re  may be some areas of 

prim ary (non-H aversian ) periosteal o r endosteal bone encountered  in 

old bone as these  deposits may re p re se n t rem odeling alterations in 

response  to changes in skeletal morphology associated  with changes 

in w eight, p o s tu re , loss of tee th  and o th e r fac to rs .

B ohatirchuk (1954, 1955) also poin ted  to new bone formation 

in the  v e rte b ra l column (with no associated  disease of the jo in ts ) , 

especially for males. Also, accord ing  to Amprino and B airati

(1936), the phenomena of appositional grow th and functional ad ap ta

tion continue into sen ility .

These seemingly sometimes in co n sis ten t findings of the  

above stud ies may be due to the  sample s tu d ied , b u t do appear to 

point to some degree of bone tu rn o v e r  at all bone su rfaces which 

may be episodic in n a tu re  continuing  well into adulthood. Such a 

situa tion , if general fo r the hum an, would p e rh ap s  be expected  to 

re su lt in m easurable morphologic changes in bone th rough  a g in g .
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B esides the general p rocesses of cancellous and cortical 

bone being  constantly  replaced by reso rp tion  and deposition, g ross 

changes are  noted in reg ard  to age. Enlow (1975) points to a 

change in the width of the cortex  with age (as noted previously  by 

Sedlin, 1963; Nordin et al. , 1966; Garn et al. , 1967; Morgan et al. , 

1967; Smith and  Walker, 1964) and an increase  in the width of 

various canals and cancellous spaces of the  aged as the  re su lt of 

osteoporosis. This aspect of bone development o r bone re d is tr ib u 

tion involving g ross bone changes on both periosteal and endosteal 

su rfaces has been extensively  s tud ied  by Garn and o th e rs . T heir 

s tud ies have dem onstrated th a t up th rough  the fo u rth  decade con

tinu ing  bone gain in both sexes is accomplished from both  su b p erio s

teal deposition and endosteal deposition resu ltin g  in an increase in 

cortical th ickness and a maximum bone mass betw een 30 and 40 

years of age (G arn , 1970, 1972, 1981; Garn and W agner, 1969). 

Beyond th a t period  of age subperiosteal apposition continues 

th roughou t life (G arn , 1981) re su ltin g  in increased  ex te rn a l dimen

sions (more fo r females) and in an expansion of the m edullary 

cavity  (G arn e t al. , 1964, 1966, 1967, 1968, 1972, 1981; D equeker, 

1972). These two effects re su lt in a decrease in cortical th ickness 

with age. This phenomenon is apparen tly  a human generalized 

condition reg a rd less  of genetic , socio-economic, n u tritio n a l and 

environm ental fac to rs  (G arn et al. , 1967; Garn et al. , 1966). The 

cortical size decrease also has been implicated in accounting  for the 

g re a te r  incidence of "spontaneous" f ra c tu re s  noted in the  aged as
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individual bones have less flexural resiliency and g re a te r  com

p ressiv e  s tre n g th  (Smith and Walker, 1964). These find ings are in 

co n trast to the  assum ptions of Todd (1937), Krogman (1962) and 

Tonna and C ronkite (1962) who felt periosteal apposition ceases at 

about 20 years  of age.

This generalized  rem odeling of bones along with increases in 

bone diam eters (perio stea l and endosteal) due to continued perio 

steal apposition, endosteal resorp tion  and decrease in cortical th ick 

ness has been rep o rted  m ore-or-less conclusively fo r the  rib s  

(E pker and F ro s t, 1965, 1966; Epker et a l . ,  1965; SedHn e t a l . ,  

1963), fem ur (Smith and Walker, 1964; T ro tte r  e t a l . ,  1960; Ruff 

and H ayes, 1982; Smith and Frame, 1965), second m etacarpal (G arn 

e t a l . ,  1967; Garn e t a l . ,  1968), hum erus (P fie ffe r, 1980), tibia 

(G arn , 1970) and skull ( Is rae l, 1973). The ages included within 

these  studies generally  ex tends from the fourth  decade u n til the 

n ineties fo r both  sexes (G arn , 1981).

F u r th e r ,  i t  has been noted th a t the bodies of the  v e rteb rae  

become sh o rte r  and b ro ad er with age (E rickson, 1976, 1978) along 

with v e rte b ra l density  decreases and trab ecu la r th in n in g  (Smith and 

Fram e, 1965; Arnold et al. , 1966). The en tire  skeletal volume

increases although it loses in mass (G arn et al. , 1967). An en 

largem ent of the  marrow cavities has been noted in the  rib s  (E pker 

e t a l . ,  1965; S toker and E pker, 1971), mandible (Manson and 

Lucas, 1962), and frontozygom atic su tu re  (Kokich, 1976).
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A View in Sum

It is th u s  clear th a t th e  basic tissues in general and  the 

skeleton in p a rtic u la r  are  fa r  from quiescen t in histologic activ ity  

du rin g  aging. D istinct, sometimes complementary and sometimes 

con trad ictory  (d iffe ren t than adolescence) p rocesses are  involved in 

ag ing . Changes are ev iden t in re g a rd  to pathology, h y p erp lasia , 

a tro p h y , use of s tru c tu re s ,  timing and grow th. F u r th e r , th e  term 

degeneration is often applied to age changes, b u t th is is really  a 

quality  assessm ent. The operative term is "change" in u n d e rs ta n d 

ing what effect physiological changes may have on the  skeleton. 

Thus it does not follow th a t a "degeneration" of one tissue  or 

system  resu lts  in a "degeneration" or diminution of bone. Change 

in a tissue  or function could change a s tru c tu re  so as to decrease 

or increase its  prom inence. As it appears th a t tissue  alterations 

are prom inent in ag ing , it would be expected th a t such change 

could be noted also on the anthropom etric and craniom etric levels.

Physical Assessm ents

With the m anifest physiological changes occu rring  in general 

and osteologic changes in p a rtic u la r, it would be expected  th a t 

complex system s would also be altered  th rough  time. One of the 

system s which has been extensively  s tud ied  in th is re g a rd  is 

s ta tu re  as an additive m easure of the  condition of the skeletal 

system  and as an ind icator of the cessation of growth (adu lthood).
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Many s tud ies  have been accomplished in th is  re g a rd  from 

b ir th  to old age. I t is generally  a sse rted  th a t s ta tu re  becomes 

constan t once ep iphyseal union is complete, remains so for several 

decades of life and then  declines a fte r  about the  s ix th  decade due 

to compression of the  in te rv e rté b ra l d isks. However, d iffe ren t 

opinions are ex p ressed  as to the  p recise  age when s ta tu re  s tab ili

zes, and th e  age w here a decHne in s ta tu re  could be  expected . 

For men s ta tu ra l in creases  have been rep o rted  from b ir th  to the 

fo rties  and for females to the  late th i r t ie s . Growth cessation  has 

been documented to occur from 17-45 (Clem ents, 1953; Roche e t a l . ,  

1972; B ûche, 1950; Sh igeru  e t a l . ,  1973; W unsche, 1953; L ask er, 

1953; T ro tte r  and G leser, 1951; Martin and Sailer, 1959; Parizkova 

and E isett, 1971; Hackman, 1938; Miall et a l . ,  1967; and  o th e rs ) .  

A decline in heigh t variously  estim ated to be of th e  m agnitude of 

about 1 cm p e r decade has been shown to occur a f te r  about 40-50 

years  (D equeker et a l . ,  1969; Kalhomake e t a l . ,  1973; T ro tte r  and 

G leser, 1951; B uchi, 1950; Suzanne, 1967, 1974, 1977; H ertzog et 

a l . ,  1969; Parizkova and E ise tt, 1971), although decreases have 

been noted fo r ea rlie r  ages (L ask er, 1953; Mial et a l . ,  1967; Gsell, 

1966; Borkan and N o rris , 1977). No decrease in heigh t was noticed 

by Lipscomb and Parnell (1954) or Damon (1965).

In term s of s tu d ies  which have sought to isolate a reas of 

the v e r te b ra l column in re g a rd  to ag ing , Alb rook in 1956, in a s se s 

sing  the lum bar v e r te b ra e  in Black A fricans, found th a t  v e r te b ra l 

heigh ts increased  in males (no t females) into the  fifth  decade. 

Similar re su lts  w ere noted  by Erickson (1976, 1978) fo r Black

A m ericans.
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In re g a rd  to these  stud ies it is clear th a t long bone growth 

could continue a fte r  epiphyseal union probably  as the  re su lt of 

cartilag inous deposition on joint su rfaces (B uchi, 1950). I t is also 

clear th a t increases are possible for the  sku ll and v e rte b ra l column 

(Is re a l, 1973; Alb rook, 1956), along with a gain in fa t within the 

scalp and  p lan ta r  surfaces of the  feet (G arn , 1981). These factors 

could account fo r increases in heigh t into middle age.

In re g a rd  to the various estim ates of age cessation and 

s ta tu ra l decreases several facto rs may indeed  in troduce confusion. 

P ostural changes due to muscle and nervous altera tions with age 

and a w eight augm entation (observed  tiQ 60 years by Suzanne, 

1977), along with a loss of h a ir  and fa t in the  aged , may affect a 

p o s tu ra l decrease assessm ent. O ther major fac to rs  may influence 

these  s tu d ie s , as follows :

1. Sample selection; racial, ethnic and genetic  d ifferences.

2. Time of measurem ent effec ts ; environm ental, selective 
su rv iv a l, m igration and nu tritional fac to rs  among o th e rs .

3. D iverse c rite ria  fo r estabhsh ing  cessation .

4. V arying  m ethods of s tudy  sometimes including  secular 
changes (Backman, 1938).

I t is re latively  clear how ever, th a t h e ig h t may continue to 

increase untU middle age followed by a dechne (M arquer and 

Charm la, 1961); similarly for weight (S to u d t e t a l . ,  1965; P ett and 

O güvie, 1956; Hooton and D upertu is , 1951). Similar relationships 

are seen in anthropom etric assessm ents of biacromial diam eter 

(Hooten and D u p ertiu s , 1951; M arquer and Charm la, 1961; Parot,
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1961). C hest width increases followed by decreases were noted by 

M arquer and  Charmla (1961) and Hooton and D upertu is (1951). 

C hest dep th  and pelvic w idth , how ever, appear to grow in a con

tinuous fashion th roughou t life (M arquer and Charmla, 1961).

Secular T rend

A secu lar tre n d  can add a degree of u n ce rta in ty  to in te rp re 

tation in all c ross-sectional s tu d ies , including s ta tu re . This is 

because the  secular tre n d  fo r s ta tu re  is fo r a p ro g ressiv e  increase 

in h e ig h t (H u ltran tz , 1927; Ingervall et a l . , 1972; H ertzog e t a l . ,

1969; Suzanne, 1967, 1977). This fac to r p lus time of m easurement

effec ts , and selective su rv ival m igration p a tte rn s , may all serve  to 

complicate cross-sectional study  re su lts .

Secular tre n d s  may also impose a difficulty  in c ro ss-sec tio n 

al s tud ies  of the  craniofacial complex as secu lar changes have been 

found to affect the head and face (B uchi, 1950; U djus, 1964;

H un ter and G arn, 1969; Ingervall et al. , 1972; Shigeru and

O htsuk i, 1973), and the tee th  and dental arches (G arn et a l . ,  1968; 

Bowden and Goose, 1968; LaveUe, 1972, 1973).

I t may also be remembered th a t application of the re su lts  of 

s tud ies  on s ta tu re  as one p a r t o r  system of the body , and as only 

one c rite rio n  fo r estab lish ing  the cessation of grow th, cannot neces

sarily  be applied to a d iffe ren t system such as the  craniofacial

complex, because g rea t d ifferences are  p re se n t between the two 

system s (Brown et a l . ,  1971).
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Craniofacial Growth A ssessm ents

S tudies on morphological changes of the  craniofacial skeleton 

are num erous. For the most p a r t th ese  stud ies can be h istorically  

dated as before o r following the invention and u tilization of the 

cephalom etric technique as in troduced  by B roadbent (1931).

P rio r to the  developm ent of the cephalom eter, most s tud ies 

w ere crcsS"-sectional in n a tu re  dealing with m easurem ents on dry  

skulls o r c a d a v e rs , casual observations o r g ro ss  body m easurem ents 

on living ind iv iduals. A fter the advent of the cephalom eter, p re 

cisely contro lled  longitudinal cephalometric s tu d ies  became possible 

on h v in g , grow ing ind iv iduals.

Most stud ies  du ring  e ither period have ten d ed  to cen ter 

a tten tion  on the young, and most did not ad d re ss  craniofacial 

growth in the  adu lt because the grow th of ch ild ren  was dram atically 

evident with little  noted for the p o st-ad o lescen t, in longitudinal 

stud ies sample sizes tended  to diminish as the  ind iv iduals approach

ed the late te e n s , funding  fo r the long term s tud ies  was not ob ta in 

ed, and the  in te re s ts  of the  re sea rch e rs  did no t include the adult 

period. As a re su lt th e re  a re  many cross-sectional s tud ies  re g a rd 

ing adu lt craniofacial change, b u t little  long term seria l data .

C ross-Sectional Studies

C ross-sec tional s tud ies  of human craniofacial change with 

age are num erous. V arious samples (se x , race , e thn ic  o rig in , e tc .)  

have been evalua ted , and th e  sub jects were often  g rouped  into 

large age g ro u p s . Group means were determ ined and  com pared as
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to d ifferences between younger and o lder g roups or used  for de

scrib ing  general size tre n d s . However, th e re  are difficulties in 

in te rp re ta tio n  of such data as disease s ta te s , secular t r e n d s , timing 

of m easurem ent e ffec ts , inaccurate age estim ates, and selective s u r 

vival e ffec ts , all serve  to confound assessm ent of individual onto

geny. T h u s, in te rp re ta tio n s  of find ings in these  stud ies are limited 

in many w ay s. T heir value hes prim arily  in the  s tu d y  of adaptation 

and in po in ting  out tren d s  which can then be confirmed o r denied 

only by longitudinal assessm ent.

Hum phrey in 1858 noted th a t the cranium becomes th ick er 

with age. In 1865 he also pointed out th a t the loss of tee th  re su lts  

in a change of function and a w idening of the gonial angle.

P fitzer (1899) conducted a s tu d y  of A lsatians and rep o rted  

th a t certa in  grow th changes continued th ro u g h o u t life to such an 

ex ten t th a t they could be m easured an thropom etrically . Augmenta

tions (non -sign ifican t) of head b read th  and bizygomatic b re ad th , 

fo r example, were noted .

Todd (1924) perform ed a cross-sec tional s tudy  of 484 male 

skulls (20-84 years of age) and concluded th a t up to the seven th  

decade the cal varia increased  in th ickness with no discernible 

change th e re a fte r .

In a series of s tu d ies , HeUman (1927, 1932) sought inform a

tion on the  adu lt face and cranium utilizing  skeletinized m aterial 

g rouped  on the basis of dental ch a rac te ris tic s  which he felt would 

help him u n d e rs tan d  n a tu ra l developm ent. His stud ies on adoles

cen t to aged American Indian cran ii enabled him to conclude th a t
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the face continues to grow in heigh t and width un til "old age" at 

which time a degeneration  o ccu rs . Some sex  d ifferences were noted 

in early  adulthood. This view encountered  considerable criticism  at 

the  time.

Sailer (1930, 1931) observed  an increase  in the  bizygom atic 

dimension, head len g th  and b read th  (s ig n ifica n t) . F ron ta l b read th  

was non-sign ifican tly  la rg e r . Nose he igh t in creased  s ig n ifican tly , 

as did ear heigh t.

Jarcho  in 1935 rep o rted  increases in adu lt head  and face 

leng th  and b read th  to the  fo u rth  and possib ly  the  s ix th  decade 

using  a sample of R u ssian s , K irghiz , U zbeks, and Armenian in d iv id 

uals. Nose he igh t increased  as did ear and lip he ig h t.

C ontrary  fin d in g s were rep o rted  by  deFroe (1936) in a s se s 

s ing  skulls of known age and sex . He noted a decrease  in face 

he igh t and concluded people actually  got smaller with age.

The same y ea r , Goldstein (1936) rep o rted  on an a n th ro 

pom etric investigation  on American Jews (various e thn ic  o rig in s ) . 

He minimized the n a tu re  of facial changes and even su g g ested  th e re  

could be an overall decrease  in head size. P a rt of h is  m easures 

were perform ed on a group of 50 people with a mean age of 74 

(approxim ately 60-106 years of ag e ), and he found decreases with 

age fo r face leng th  (nasion-m enton, nasion -prosth ion  and  ram us 

h e ig h t) . He also attem pted to assess the an te rio -p o s te rio r grow th 

of the face and found  increases from the ex te rn a l aud ito ry  m eatus 

to in fraden ta le  and m enton. Head diam eters tended  to decrease  and 

nose h e ig h t in creased . Facial w idth m easures all increased  (b izygo
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m atic, b icondy lar, nasal and o ra l) . Secular tre n d  (and tooth loss) 

effects on facial dimensions could be im portant in assessin g  th e  

re su lt  of th is s tu d y . L a te r, Goldstein (1943) also noted an augm en

tation in head len g th , head  b re a d th , fron ta l b read th , bizygom atic 

b re a d th , nose h e ig h t, and  ear heigh t in an la rg e r sample.

H rdlicka (1936) in summing up some fo rty  years of o b se rv a 

tions on various samples concluded th a t grow th does no t cease in 

the early  tw enties, b u t ra th e r  procédés a t a slower ra te  involving 

certa in  fea tu re s  of th e  body as a whole including th e  face, in to  and 

beyond the fifth  decade. For s ta tu re , H rdlicka believed increases 

continued into the fo u rth  decade; for the skull and face into th e  

fifth  or six th  decade ; and  fo r the  leng th  and b read th  of the nose, 

leng th  of the e a rs , w idth of the m outh, and  depth  of the ch est 

beyond the  six th  decade. Like Heilman, he believed v e ry  aged 

p erso n s showed a decrease  in size. His assum ptions were based  on 

his own stud ies on "old American w hites" and "American Indians" 

(1925, 1935) and those of Parchappe (1836) on a F rench  sample 

(age 20-60; grow th tiU 60), Q uetelet (1836); P fitzn er (1899) on 

adu lt A lsations (15-80 years  ; grow th to 40) and Jarcho  (1935). In 

ano ther in te re s tin g  s tu d y , H rdlicka (1938) subm itted indiv idual 

re p o rts  from people who did "b ra in  work" with the behef th a t v ery  

active use  of the b ra in  a t work would cause the head to grow , and 

subm itted evidence th a t b ra in  w eight does not stabilize u n til the  

th ir tie s . The indiv idual re p o rts  were consisten t fo r an increase  in 

h a t (h ead ) size, w eight in c rea se , and h a ir loss.



34

Goldstein and Stanton (1937) attem pted to assess facial 

he igh t in people with normal occlusion and malocclusions. U sing 

Heilman's approach to dental age grouping  for a male sample, they  

dem onstrated a tendency for an increase in facial heigh t in the 

normal occlusion group , b u t none for the malocclusion g roup .

O ldberg (1945, 1946) in assessing  la te ra l head films on a 

cross-sectional sample spann ing  7 decades, found no m arked 

changes a fte r  25 years of age in reg a rd  to the th ickness of the 

fron ta l and parie ta l b o n es . He noted a tendency for in te rn a l th ick 

ening of the fron ta l bone in the o ldest women (7th decade).

In a study  of 17,341 male members of the  U.S.  Army ca te 

gorized in two groups (17-18 and 19-26 y e a rs ) , Randall (1949) 

found no change in head circum ference du rin g  the age spans 

s tud ied .

In ano ther large sample, Hooton and D upertius (1951), 

utilizing cross-sectional an thropom etric data on approxim ately 10,000 

Irish  males, found continued facial grow th into the six th  decade. 

They felt th e re  was an increase  in head circum ference, head 

len g th , bizygomatic dimension, head b re a d th , and total face he igh t 

which continued well into the th ir t ie s . Nose, lip and ear heigh t 

also increased .

In 1953, Wunsche rep o rted  on a c ross-sectional s tu d y  r e 

gard ing  facial he igh t in 572 men and 430 women ages 20-91. The 

re su lts  indicated th a t in men, to ta l facial heigh t increased  (from 20 

to approxim ately 40 y ea rs)  on th e  o rd e r  of 1.1 mm. A fter 60 years
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of age the men showed a decrease in facial height amounting to 2.4 

mm. In women the g rea te s t facial he igh t was noted in the age 

group 26-30 years  of age, and it decreased  th e re a fte r  to the ex ten t 

of 7.7 mm afte r 71 years .

A cross-sectional s tu d y  of two Mexican adult populations 

was conducted by Lasker (1953) who also compared his data with 

th a t of Goldstein (1943). He rep o rted  significant increases in head 

b read th  and heigh t fo r females and a tendency for increases in 

males. In total face he ig h t, males showed an increase in one of the 

sam ples, with females showing an increase  in both sample g roups. 

Bizygomatic and bigonial diam eters increased  with age in both 

sexes. Significant increases were also noted in nose h e ig h t, nose 

b read th  and ear heigh t.

Zuckerman (1955) in in v estig a tin g  the cranial base could 

find  no alteration  in the la te r years  on the  basis of a c ro ss-sec tio n 

al comparisons of a series of European s k u lls . Zuckerman studied 

age changes in the  basicranial axis of the  human skull in 109 adult 

and senile sku lls. He found th a t angu lar values changed little , bu t 

absolute d istances tended to in c rease . He fe lt th a t the basioccipi- 

ta l, basispheno id , p resphenoid  and ethmoid continue grow ing b e 

tween p u b e rty  and m aturity .

Moore (1955) in s tu d y in g  hyp ero sto sis  cranii in a large 

sample spanning  8 decades concluded th a t no definite tre n d  exists 

tow ard craniofacial enlargem ent a f te r  the second decade. This 

conclusion was made in sp ite  of a suggestion  in his published 

g rap h s  th a t cranial grow th continued.
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Tallgren (1957) utilized cephalom etric methods to c ross- 

sectionally s tu d y  face heigh t in 165 women between the ages of 

20-81 y ea rs . R esults indicated th a t facial heigh t increased  from the 

y oungest to the  eldest groupings with the h ig h est mean value for 

th e  30-39 year olds. The increase was considered significant.

Horowitz in 1964 conducted a s tudy  involving 100 males and 

100 Caucasian females, age 20-30 with class 1 occlusion. Male 

values w ere found to be la rg e r  than  among females except fo r the 

gonial angle. He concluded th a t sex d ifferences in  size and re la 

tionsh ips of the facial components tend  to increase  with age.

A cross-sectional comparison of 60 males and 106 females 

(C aucasian) with various dental conditions was conducted by  Heath 

in 1966. No relationship  was noted between the u p p er facial dimen

sions and the num ber of years the  p a tien t was edentu lous. In the 

same y ear, Campbell (1966), a rad io log ist, suggested  th a t the 

calvaria continues to th icken th ro u g h o u t life.

In an anthropom etric s tu d y  of the head and face, Lewis and 

H edegard  (1970) s tud ied  87 male and 77 female Swedes ages 25-49. 

Although they concluded males were la rg e r  than females no age- 

re la ted  data  were d iscussed .

In a 1971 cross-sectional s tu d y  of females ages 26-90, Isreal 

could find no m arked age changes excep t fo r a th icken ing  in the 

bregm a reg ion . Isrea l's  work in ag ing  of th e  craniofacial skeleton, 

which is ex tensive , will be evaluated in detail in a la te r  section.
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V ery little  change in craniofacial dimensions was noted by 

Boersma (1974) who used  a c ross-sec tional approach to s tudy  

changes in the o lder ages (58-91 y e a rs ) . U nfortunate ly , no d istinc

tion was made as to the sta te  of the dentition  in th is sample, which 

could influence in te rp re ta tio n s . He did note th a t the length  of the 

nasal floor (ANS-PNS) became significantly  increased  in females. 

Pooled sex data revealed a significant d ifference with age in the 

d istance Sella to Nasion, a la rg er cranial base angle, and a la rg e r 

nasal f lo o r . E rro r of m easure was determ ined to be 1.8 mm o r less 

fo r absolu te values and 7.3 degrees o r less fo r angu lar values. As 

p rev ious investiga to rs  had dem onstrated (van  d er L inden, 1959; 

Boersm a, 1967) women were smaller than  m en, and these  differences 

ap p ear to become more pronounced with age.

A d iscre te  tra it  investigation  over age was conducted by 

C arruc in i (1974) on 321 human skulls (20 's to 6 0 's). Few d iscrete  

tra its  (loosely: p resence or absence of s tru c tu re s )  varied  beyond

m atu rity —except fo r genial tu b e rc les , tro ch lea r sp u rs , inion sali

ence , the mastoid and p terygoid  foram ina, and the post condylar 

c an a l.

N asjletti and Kowalski (1975) sough t to determ ine w hether 

v ertica l facial proportions change th ro u g h  time by examining 510 

Caucasians 20-86 years of age. Age g roups examined dem onstrated 

to ta l facial he igh t in c reases , b u t u p p e r- to - to ta l facial heigh t ratios 

rem ained very  constan t (43.5%). This co rro b o ra ted  the assum ptions 

of B roadben t (1937), Brodie (1940, 1941), H erzberg  and Holic
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(1943) and S arnasi (1957), b u t was in conflict with Thompson and 

K endrick (1964) who found th a t the lower face increased  more than 

u p p er facial heigh t du rin g  the 3rd  and 4th decades of life.

Kowalski and N asjletti (1976) applied the same technique to 

a sample of American Black males and , although the ra tio  was 

smaller than  th a t of C aucasians, i t  rem ained fa irly  constan t th rough  

time even with increases in facial he ig h t. H arris et al. (1977) 

continued s tud ies  of these  samples (244 Black males, 20-80 y ears; 

1039 C aucasians, 20-80 y ears) in reg a rd  to m andibular and alveolar 

ch arac te ris tics  (den tu lous sample) and concluded th a t craniofacial 

changes may be age and race specific.

Ruff (1980), based  on his own find ings (cro ss-sec tio n a l 

study  of 136 adult male skulls) as weU as those of o th e rs , sug 

gested  th a t th e  evidence tilts  in favor of the  skeletal system  in 

general and th e  craniofacial skeleton in p a rtic u la r  undergo ing  a 

small b u t significant increase in size d u rin g  aging which is not 

sex -spec ific , population specific, and little  affected  by genetic , 

mechanical or environm ental fac to rs . He stud ied  p reh isto ric  skulls 

and found an overall increase in size with increasing  age. He did 

observe a change in gonial angle.

L estre l et al. (1980) in looking at the  effects of edentuhsm  

stud ied  two g ro u p s; edentulous (mean fo r age groups 38.8 years 

and 58.7 y ea rs)  and dentulous (age groups 37.3 and 56 .8 ). Util

izing cephalogram s he m easured the in fe rio r b o rd e r  of the mandible 

and sym physis area and concluded th a t in the form er cortical th ick 

ness increased  with age while in the la tte r  a decrease o ccu rred .
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H eathcote (1981) suggested  on th e  basis of a cross-sectional 

s tu d y  th a t the general ru les reg a rd in g  craniofacial grow th du ring  

aging  should include age-re la ted  decreases in certa in  craniofacial 

a sp ec ts , based  on some of h is facial m easures dem onstrating a 

sign ifican t decrease while o thers were in creasin g .

Champion et al. (1982) in v estig a ted  266 V enezuelans of 

N egroid descen t between 8 and 60 years of age. A nthropom etric, 

cephalom etric and dental m easures were taken . However, the age 

g roup ings used  p recluded  any assessm ent of adu lt changes.

Additional c ross-sectional morphological stud ies of the 

human head have been conducted. For example non-sign ifican t 

decreases in head leng ths have been rep o rted  by D ahlberg and 

Walhlund (1941), Coon (1950), and M arquer and Charmla (1961). 

O ther stud ies  would include B artucz (1917), Boas (1911, 1935),

Bouliere (1966), Kaufman e t al. (1858), Lee and L asker (1958), 

Paro t (1961), and Quetelet (1870). Except for noting ch a ra c te r is 

tics of indiv idual sam ples, little  additional inform ation could be 

determ ined as a re su lt of the cross-sectional approach.

I t  is c lear these stud ies gave v a ry in g  re su lts  and indeed 

opinions as to the effects of aging on th e  craniofacial skeleton. 

The fac to rs  confounded or unaccounted fo r include the pathology of 

tooth lo ss , indiv idual changes, secu lar t re n d s , selective su rv iv a l, 

racial e ffec ts , sex e ffec ts , and o th er similar conditions. While 

im portant fo r po in ting  out possible t re n d s , a longitudinal approach 

to grow th  d u rin g  aging would p erh ap s give a c lea re r indication of 

indiv idual ontogeny.
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Longitudinal A ssessm ents of Craniofacial Growth

C ross-sectional s tud ies  have some in h eren t lim itations in 

th a t they can often dem onstrate what is not tru e ,  b u t can offer 

little  in the  way of c larify ing  or p rov id ing  inform ation as to what is 

actually o ccu rrin g . However, cross-sectional s tud ies  do point out 

the fea tu res  w orth p u rsu in g  th rough  subsequen t longitudinal a sse ss 

m ent.

Since ea rlie r cross-sectional s tu d ies , severa l decades of 

longitudinal assessm ent have revealed  much b e tte r  inform ation of 

what had a lready  been suspected  on the basis of cross-sec tional 

com parisons. S tudies involving samples of known ag e , norm ality, 

and various environm ental controls were th u s  able to show ind i

vidual d ifferences in ra te , du ration , p a tte rn , and am ount, and thus 

perm it both the  s tu d y  of individual ontogeny and of g roup  t r e n d s . 

However, while longitudinal assessm ent may be th e  d es ired  m anner 

of s tudy  in a ssess in g  adu lt craniofacial changes, because of the 

in h eren t d ifficu lties in such s tu d y , the adu lt s tud ies  conducted to 

date have for th e  most p a r t  su ffered  in application due to d ifficu lt

ies involving sh o rt age spans s tu d ied , non-norm al den titio n s, smaU 

samples, and technical lim itations.

Buchi (1950) s tud ied  some 200 Swiss adu lt individuals 

separa ted  into 6 age c lasses . All individuals w ere m easured twice 

at 9 year in te rv a ls . On the basis of grow th cu rves he su g g ested  

th a t facial h e ig h t increased  in the  group 20-28 years  over the
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period of study  for both men (0.29 mm) and women (1.06 mm). 

Also, facial heigh t decreased  du rin g  th e  period  of senility  (a fte r  

70). He also pointed out th a t the  distance from nasion to the 

u p p er lip increased  with time and , in an ea rlie r s tu d y  (1949), th a t 

hand length  and b read th  increased  in size excep t fo r th e  o ldest age 

groups s tu d ied . He concluded (1950) th a t aging (young adult to 

8th decade) re su lted  in a steady increase in the diam eter of head 

and face and also in long bone dimensions even a fte r  epiphyseal 

union up to the ages 56-64. He felt th a t "old people" have approx 

imately a 2% la rg e r head than  "young people".

Thompson and K endrick in 1964 rep o rted  on a serial ceph

alometric s tudy  of 71 males age 22-34 years  of age who had 

m easures repea ted  at one year in te rv a ls . T hese people had neg lig 

ible a ttritio n  of the tee th . V ertical assessm ents of the face ( to ta l, 

u p p e r and lower) dem onstrated significant in creases . For lower 

face heigh t th e re  was an increase  on th e  o rd e r  of 0.37 mm in one 

y ear. K endrick and R isinger (1967), rep o rtin g  on the  same 

m aterial, found significant increases in head len g th , an te rio r and 

po ste rio r cranial length  and u p p e r , middle and lower facial dep th .

Carlsson and Persson  (1967) and C arlsson e t al. (1967), 

u tilizing  longitudinal m aterial with a five year span betw een the 

initial and final reco rd in g s , found no changes in the  leng th  of 

an te rio r cranial b ase , the heigh t of the u p p er face and  the  gonial 

angle. The only major changes involved su b stan tia l decreases in 

the alveolar p rocesses as would be expected  since the final record  

was obtained five years a f te r  complete den tal e x tra c tio n s .
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Utilizing la te ra l rad iog raphs Tallgren (1967) conducted  a 

longitudinal s tudy  on m ature d en tu re  w earers with 7 years between 

rec o rd in g s . She found no changes in the cran ial base and u p p er 

face and no a lte ra tions in the  len g th , height o r shape of the  man

dibu lar base. She th u s  fe lt no grow th o ccu rred . A fu r th e r  s tu d y  

in 1972 added no inform ation in reg ard  to age changes. In 1974 

she repo rted  fu r th e r  on a longitudinal s tudy  involving 32 females 

age 20-73 years m easured over a 15-16 year span (final ages 

35-88). She rep o rted  no real change in the cranial vau lt o r  base 

except for an increase  in the distance between sella to glabella and 

an increase in the cortical th ickness over the glabeUar and fron ta l 

a reas. C ontrary  to the find ings of o th e rs , notably Is ra e l, no 

changes in the  ex te rn a l or in te rn a l size of the calvaria o r skull 

th ickness was d isce rn ed . The mandible d isplayed a condition de

scribed  by Tallgren  as a positional change due to tooth loss. She 

specifically questioned  Is ra e l's  re su lts  on the basis of u n s ta n d a rd 

ized record  g a th e rin g . This a ttack  was acknowledged by  Israe l 

(1977) who felt T allg ren  had re fu ted  every  claim fo r continuing  

grow th in the head . Tallgren (1974) concluded th a t th e re  is a 

m arked stab ility  of dimensions in the adult craniofacial skele ton .

In a series of longitudinal and cross-sectional s tud ies  beg in 

n ing  in 1967, Is ra e l so u g h t to determ ine the effects of age on the 

craniofacial skele ton . Israe l (1967) m easured the en tire  sku ll (v ery  

few facial m easures) u tiliz ing  la te ra l skuU x -ray s  in 43 male and 53 

female subjects with the  in itia l x -ra y  taken a t 24-56 years of age
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and then the final some 13-25 years  la te r . This generally  re p re 

sen ted  a 4-5 decade span. The subjects were dentu lous. Lateral 

oblique (45°) x -ray s  were also assessed  on 119 males and 94 females 

to investiga te  bone loss in th e  jaw. Jaw heigh t decreased  (more fo r 

fem ales); tooth bearing  bone decreased  (more for females) while 

cortical th ickness increased . M easures taken  on the  skuU (Nasion 

to A nterio r Nasal Spine, Basion to Nasion and  o th e rs)  dem onstrated 

skull th ickness and craniofacial size increases fo r all m easures.

In 1968 Israe l review ed the 1967 m aterial in reg a rd  to the 

inform ation gained on the la te ra l skull x - ra y s . He re ite ra ted  that 

the skull gained in aU dimensions s tu d ied . D ifficulties were en 

co u n tered , how ever, in th a t even though continuing  grow th was 

p re se n t, the hypothesis th a t g re a te r  gain is associated with older 

ages o r increased  age spans was not clearly  su p p o rted . He ra ised  

the  possib ility  th a t m easuring e r ro r  approxim ated mean cranial g a in , 

th u s  ob scu rin g  the "real" s itu a tio n . He su g g ested  th a t su tu ra l and 

remodeling activ ity  apparen tly  w ere responsib le fo r changes which 

were "d ifferen t"  from changes no ted  in the appendicu lar skeleton.

In 1969 Israe l published  a c ross-sectional s tu d y  designed to 

determ ine the morphology of the mandible re la tive  to age, p a rtic u 

larly  in reg a rd  to to o th -su p p o rtin g  bone. Two male dentulous 

samples were used  with an age range 20 to 69 y e a r s . T rends 

poin ted  to an increased  th ickness in the body of the m andible, and 

loss of alveolar c re s t.
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In his 1971 thesis  Israe l perform ed a c ro ss-sec tio n a l s tudy  

on 176 w hite females u sing  la tera l head films. The sample com

p rised  an age ran g e  of 26-89 years d iv ided  into age g roups. 

Several in te re s tin g  find ings w ere noted: th e re  was no evidence of

age changes in the  ex te rn a l o r in terna l sku ll size , excep t in the 

area of Bregm a; the  Basion-Sella-Nasion angle increased  sign ifican t

ly till about age 55 then  dechned in va lue; and the  only facial 

m easure u tilized  (because  of dental complications m in te rp re ta tio n ) . 

Nasion to A nterio r Nasal Spine dem onstrated no sign ifican t change. 

He fu r th e r  noted  an increase  in the size of th e  fro n ta l sinus to age 

60 followed by  a decline. No change was no ted  in m andibular 

ch a rac te ris tic s  excep t fo r the  alveolar c re s t associated  with loss of 

tee th . The th ird  cerv ical v e r te b ra  tended to grow in w idth , b u t no 

change was noted  fo r the dimensions of the cerv ical sp inal canal.

Israe l (1973) rep o rted  on an app aren tly  d iffe ren t sample (no 

m ales, 152 females betw een 26 and 89.4 y e a rs , c ro ss-sec tional and 

longitudinal samples (N=18), minimum span 14 y e a rs ) .  I t was also 

rep o rted  th a t only 9 of the partic ip an ts  in th e  longitudinal sample 

had  u tilized  a cephalosta t. I t was not s ta ted  w hether the cephalo- 

s ta t  was available fo r both  the initial and final x - ra y s  (sample age 

25 a t s ta r t  and a maximum of 65 for f in a l) , b u t it is likely th a t 

cephalostats  w ere available fo r the 9 at the  final x - ra y  only. At 

least 5 of the  18 people were completely eden tu lous a t the  final 

x - ra y . The c ro ss-sec tio n a l sample was sep a ra ted  into age and 

ed en tu lous-den tu lous g roups (56 and 96 p a r tic ip a n ts , re sp ec tiv e ly ).
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The dentu lous g roup  had a minimum of an te rio r occlusion. It was 

concluded th a t the  gonial angle does not change over age reg ard less  

of den ta l s ta tu s .

In  1973, Israe l also rep o rted  on longitudinal and c ro ss -s e c t

ional m aterial evaluating th e  th ird  cerv ical v e r te b ra . The x -ray

m aterial was derived  from his previous stud ies  (1971, 1973). I t  was 

ev id en t th a t an increas in v e rte b ra l h e ig h t and width o ccu rred  with 

age (ab o u t 5%).

Also in 1973, Israe l rep o rted  on longitudinal m aterial on 26

female sub jec ts  (p rev ious 18 plus 8 m ore) w ith a similar age span:

24-48 y ears  initial füm, age span 13-28 y e a rs , final ages 41-64

y e a rs . Where rad iographs were obtained, w ithout a cephalostat, 

films were sc ru tin ized  in re g a rd  to ro ta tion  and  those films included 

were selected  on th e  basis of "images which had  a h igh degree of 

superim position" (ap p aren tly  asymmetry is th u s  den ied ). T hree 

techn ical situations ex isted  in re g a rd  to reco rd  gathering  (focal

spo t to object len g th , object to füm d is ta n c e ), b u t Israe l fe lt th is 

b iased  th e  younger films as "too la rg e " , and th u s  no enlargem ent 

was accounted  fo r. Estim ated enlargem ents were 14%, 10% and 9%,

re sp e c tiv e ly , for the h isto rical a ltera tions of tech n iq u e .

Dimensional increases were noted  fo r cranial th ickness

(1-11%), skull size (3-5%), seUa position (3-4%), u p p e r facial heigh t 

(4%), s inuses (7-12%), size of the seUa tu rc ica  (9-13%, 22% fo r 

a r e a ) , and  cervical spinal canal (4%). Israe l concludes th a t his 

re su lts  in fe r  a v ir tu a l symmetrical m agnification enlargem ent p rocess
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(ex cep t for skull th ickness, fron ta l sinuses and sella tu rc ica) in the 

ran g e  of 3-5%. Remembering th a t the technique used  d isregarded  

one to 5% of gain , the enlargem ent overall m ight amount to 5-7% 

overall and in certain  areas substan tia lly  m ore. Israe l also ap p aren t

ly believed the su tu res  played no role in the changes seen. Con

t ra ry  to the appendicular th inn ing , cran ial th icken ing  was noted 

and the response was similar for both the  neurocranium  and viscero- 

cranium  (unlike ch ildhood).

In a fu r th e r  summary study  Israe l (1973) again analyzed 

176 Caucasian females from the Pels In s titu te  with an age range of 

26 to 90 years  by means of la te ra l rad io g rap h s . This s tudy  utilized 

both  cross-sectional and longitudinal components as 26 of the fe 

males had records over a 14 to 28 y ear s p a n . No males were 

re p o rted  on. Through a series of craniofacial m easures it was clear 

th a t the  calvaria thickened from the fro n ta l region posterio rly  to 

the  bregm a area from adulthood to senescence. The fron ta l th ick 

ening  apparen tly  amounted to approxim ately 15%. The skuU demon

s tra te d  a consisten t size increase (5-6%) as m easured by both 

ex te rn a l and in terna l dim ensions, presum ably due to ectocranial 

deposition and endocranial re so rp tio n . He felt th is relationship  

peaked  a t about 70 years of age, and th e re a fte r  the converse was 

in force (presum ed ectocranial reso rp tio n -en d o cran ia l apposition). 

This observation  was apparen tly  based on th e  cross-sec tional m ateri

al fo r the  la te r  ages. No evidence of d ifferen tia l grow th was 

n o ted . In viewing the d istances from Basion to SeUa to Nasion, it
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was clear th a t a similar size increase  was occu rring . Also the area 

appeared  to re ta in  its shape even though a considerable increase in 

the size (h e ig h t, width and a rea ) of sella turc ica occurred  (more of 

an increase than for the cran ia l base in g en era l). Bergstrom  e t al. 

(1973) also dem onstrated an increase  in sellar volume with age in 

females, b u t no t in males. In  the  facial reg ion , Israe l noted th a t 

the  u pper face heigh t (6%) and the  fron tal sinuses increased  

(9-14%) with time. In the  mandible continuing growth in over-a ll 

size (5-7%) was consisten tly  n o ted , and no shape change was seen 

reg a rd less  of the  s ta tu s  of the  dentition . The sym physis demon

s tra te d  an increase in th ick n ess  with age. Based on his w ork, 

Israe l concluded tha t for the neurocranium  and viscerocranium  in 

cluding the mandible, rem odeling procédés in a v irtually  symmetrical 

"m agnifying" fashion on th e  o rd e r  of 5-7%, with the re su lt being  a 

re ten tion  of shape and enlargem ent of dimensions. Growth occurs 

th rough  rem odeling. It should  be noted th a t percen tage en la rg e 

ments rep o rted  in th is a rtic le  were slightly  enlarged  from those 

rep o rted  p rev io u sly .

In 1977 in an attem pt to dispel concerns about his cephalo

m etric technique, Israel perform ed a s tu d y  involving 26 females and 

26 males (age 24.9 to 78.8; span 13.9 to 28 y e a rs ) . Citing his own 

previous stud ies (1970, 1973) he felt the increases in the  th ickness 

of the sku ll a ir  sinuses and  sella tu rc ica  amounted to "roughly" 

10%, while the overall enlargem ent was 4-5%. In the 1977 s tu d y  he 

was attem pting to dem onstrate th a t d ifferential grow th o ccu rred .
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which would be inconsis ten t with rad iographic e r ro r  involving a 

simple magnification effect induced  by technique in stead  of biology. 

This was in response to artic les by Tallgren  (1974), who fe lt 

Is rae l's  work was not co rrec t and th a t no adult changes o ccu rred , 

and also by Adeloye et al. (1975) who suggested  only small in 

creases in skull th ickness fo r a sample of Blacks and C aucasians. 

In Israe l's  s tudy  (1977), fo u r m easures w ere used  involving cranial 

s tru c tu re s  only. The female sample was the same as rep o rted

prev iously  (1973). T ogether with the male sample Israe l fe lt,

because skull length  p e rcen tag es  w ere roughly  half the  values 

reco rded  fo r seUa, fro n ta l sinus and skuU th ick n ess , th a t d iffe ren t

ial grow th was dem onstrated  and th a t im proper rad iograph ic tech 

nique had not m anufactured the  re su lts .

Israe l (1978) went on to su g g est th a t the continued expan 

sion was on the o rd e r  of 1% p e r  decade. He also fe lt th a t:

"since su tu re s  a re  rig id  and individual bone displacem ent is 
inconceivable, expansion procédés in such a way as g en e r
ally to reflec t uniform  enlargem ent except for sella tu rc ica , 
skull tab les and a ir s in u s e s . "

He fe lt changes occur in the  image of th a t which is already p r e 

sen t .

In 1979 Israe l reevaluated  the 1969 data and concluded th a t 

the re su lts  dem onstrated "continued expansion of the  mandible with 

a g e " , involving the th ickness of the body and ramus width dimen

sions .

In sum the w orks of Israe l clearly  point to an enlargem ent 

of th e  cranial skeleton. However, the  lack of p recision  and consis

tency utilized in record  g a th e rin g , over which he had  no con tro l.
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clearly confuse the amount of change. It is likely th a t biology was 

assessed  b u t was difficult to accurately  quan tify .

F o rsberg  (1976) perform ed a longitudinal cephalom etric 

s tudy  of men and women in th e ir  tw enties at the initial exam and

th en , one group was re-exam ined a t 5 years and the o th e r at 10

y e a r s . Some of the g roup  had  undergone orthodontic treatm en t in 

childhood, bu t th is was no t considered  to be a facto r of any s ig n ifi

cance. A ngular and absolute m easures were taken  on the 5 year 

in te rv a l g ro u p , b u t only an g u la r m easures were utilized to the  10 

year in terv a l group due to d ifficulties in determ ining cephalom etric 

m agnification. Results a t age 25 years  indicated th ere  was a size 

difference between the sex es , b u t no sex difference was observed  

in reg a rd  to the degree of prognathism  and inclination of the in 

cisors . O ther changes ind ica ted  th e re  was an increase in v ertica l 

dimension of the face due to an leng then ing  of lower face he igh t 

(0.35 mm in lower face h e ig h t ages 24-29). A nteroposterio r jaw 

relations indicated no change fo r men b u t showed a m andibular 

decrease for women. Up r ig h tin g  of the  incisors was no ted . 

F o rsb erg  concluded th a t no grow th changes occu rred  beyond 29

years of age based  on com parison of angu lar m easures (only) b e 

tween the two groups and fu r th e r  fe lt the changes do not ind icate 

"grow th" b u t ra th e r  are  due to a p o sterio r m andibular ro ta tion  with 

a re su ltan t up r ig h tin g  of th e  in c iso rs .

However, F o rsb e rg  in 1979 perform ed a follow-up examina

tion on 25 men and 24 women using  angu lar and linear m easu res . 

In the  main the  re su lts  were consis ten t with his 1976 rep o rt. How
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e v e r , fu r th e r  increases were noted fo r lower face heigh t up to age 

34 (0.56 mm in 10 y e a rs ) ,  along with the  supposed p o s te rio r ro ta 

tion of the mandible due to tooth  eruption  and decreased  movement 

of the  inc iso rs. No increase  was no ted  fo r the  u p p e r face, b u t 

th e re  was a forw ard movement of the nose, a lowering of the u p p e r  

lip and re tru s io n  of the u p p e r and lower l ip s . He su g g ested  in 

th is study  th a t changes continue in th e  adu lt and th a t he would 

fu r th e r  in v estig a te  a f te r  15 and  20 year spans.

Susanne (1977), in a longitudinal anthropom etric s tu d y  of 

44 Belgian males m easured twice betw een the ages 25-60 a t an 

in te rv a l of 22 y e a rs , found consis ten t increases in head leng th  and 

head b rea d th . He also dem onstrated  increases in bizygomatic 

w idth , facial h e ig h t, nasion to stomion h e ig h t, head b re a d th , nose 

h e ig h t, ea r  heigh t and a decrease  in lip length  and fro n ta l b rea d th . 

Susanne summarized in 1978 by s ta tin g  th a t it appears th a t the face 

continues to grow d u rin g  ag ing  into the 4-6th  d ecad es , mainly 

involving facial he ig h ts  and d iam eters , the mouth and e a r s . He 

points to an increase in bizygom atic w id th , on the  basis  of many 

s tu d ie s , un til age 60 as evidence of perio stea l apposition and to 

continued grow th of the nose due to cartilage grow th and fa t depo

sition . He also points out th a t c ross-sec tional s tud ies have demon

s tra te d  an increase in nose b re a d th , size of the ears  and  a 

decrease  in the size of the  l ip s .

From these longitudinal stud ies  it is fa irly  clear th a t con

tinued  bone expansion is possible involving the tu b u la r  bones,
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round  bones, v e r te b ra e , sku ll, m andible, sella tu rc ica  and the 

volume of the en tire  cranial v au lt. I t is likely human grow th con

tinues fo r a considerable tim e. T h u s , to the question of what 

tr ig g e rs  the onset of g row th , su sta in s  it fo r a fin ite  p erio d , d e te r 

mines its  m agnitude and tu rn s  grow th off, we still know Little of the 

f ir s t  b u t are  beginn ing  to have fu r th e r  in s ig h t into the  la t te r .

Consequences of Edentulism

Many stud ies  have been conducted  in re g a rd  to th e  c ran io 

facial effects  of the removal of te e th . B esides obvious changes in 

the  alveolar p ro cesses, prime em phasis has cen te red  around o th er 

possible m andibular c h an g e s . A major d ifficu lty  has been the 

inability  to separa te  age effects  from edentulism  effects as well as 

possible treatm ent effec ts . N ev erth e less , several stud ies are sum

m arized below to reflect the  consensus re g a rd in g  the effect of the 

lack of tee th  on osseous morphology.

For the most p a r t  c ro ss-sec tio n a l s tud ies  have prom oted the 

view th a t the gonial angle increases with age and the loss of teeth  

(G oss, 1954; In k s te r , 1964; H um phrey, 1858; H rdhcka, 1940). 

However, Brodie (1940) opposed in genera l the idea of change in 

the gonial angle. C onversely , Rogers and Applebaum (1941) felt 

th a t th e re  was a fla tten ing  of th e  gonial angle with both  tooth loss 

and age, reso rp tion  of the an te rio r su rface  of the  condyle and  a 

reduction  in the heigh t of the coronoid p ro cess . Keen (1945) felt 

th ese  changes o ccu rred  only with the loss of tee th  b u t no t ag ing . 

Lonberg (1951), in com paring early  d en tu re  w earers (early  tooth
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loss) to old d en tu re  w earers, found th a t an increase  in the gonial 

angle o ccu rred  among th e  form er. He also noted  a reduction  in the 

he igh t of the  body of the  mandible and width of the ram us. For 

age alone he su g g ested  th ere  was actuaUy a decrease in the gonial 

a n g le .

Edw ards (1954) fe lt also th a t a f te r  loss of n a tu ra l te e th , 

the  co rp u s, ram i, condyles and coronoid p rocesses undergo  changes 

as a re su lt of less ex tensive  use of the  m uscles. S icher (1960) 

similarly concluded th a t  with tooth loss th e re  was a change in 

function and  th u s  a w idening of the  angle. He fe lt th is  was a 

consequence of d isuse  a tro p h y  of the m asseter and medial p terygo id  

muscles which was more m arked if d en tu res  are not w orn. Coulson 

(1960), in an x -ra y  c ro ss-sec tio n a l s tu d y , found v a ry in g  degrees of 

reso rp tion  in th e  sym physeal region. K ettunen (1965), how ever, 

observed  no change.

L ongitudinal s tud ies  do not su p p o rt the view of gonial 

change with age or eden tu lism . Johnson (1963, 1964), found no 

such change. F ish (1979) in s tu d y in g  la te ra l skuU rad iog raphs 

with a seven y ea r in te rv a l, Israe l (1973), Tallgren  (1967) with a 7 

year in te rv a l, C arls son and Persson (1967) with a 5 y ea r in te rv a l, 

all found no change in the gonial angle. H edegard  (1962) in a 

th ree  year x - ra y  follow up of immediate d en tu re  w e a re rs , found a 

significant in crease  in the  gonial angle along with increases in 

u p p er facial and an te r io r  skull base dim ensions. Atwood (1957, 

1962) in 18 p a tien ts  followed for 34 m onths a f te r  ex trac tio n s , found 

la rge  individual v a r ia tio n s .
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From a histological s tandpo in t, Enlow et al. (1976) studied 

the  remodeling p a tte rn s  of edentulous mandibles and found the 

medial and lateral surfaces of the corpus to be depository , while 

the  la te ra l p o s te rio r and an terio r su rfaces of the  ramus were reso rp - 

tiv e . The ne t effect was to make th e  corpus longer. Neufield 

(1958) felt th a t tooth removal also caused a disorganization of the 

trab ecu la r system .

What is ap paren t from th ese  stud ies is th a t perhaps the 

gonial angle may change, b u t not due s tr ic tly  to age or loss of

te e th . The discrepancies noted may re su lt from o ther complex

fac to rs . For example, d ifferen t morphological m usculoskeletal jaw 

types would su re ly  respond  not in general term s to total tooth

removal b u t at b es t would show "type" specific a lte ra tio n s . Indi

v idual responses to loss of teeth  and den tu re  wear could evoke any 

of the possibilities fo r gonial angle change. It is also felt the 

question  of the effects of tooth loss on the craniofacial skeleton will 

have dim inishing impact and relevance in what m ust now be re g a rd 

ed as our less dentally  pathologic so c ie ty .

Adolescent Study Implications

In the main earlier studies reg a rd in g  craniofacial changes 

have seldom been extended beyond early  life except for the few 

summarized above. Studies by Welcher (1866), W eissenberg (1895), 

Keith and Campion (1922), ConnoUey (1928), S herid t (1931), Smyth 

and Young (1932), Todd (1930), Flemming (1933), Freeman (1933), 

Godin (1935), among many o thers  fo r th e  most p a r t  did not attem pt
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to in v estig a te  age levels beyond adolescence. These s tu d ies , also, 

generally  encom passed various k inds of sam ples, were c ro ss-sec tio n 

al in design , and did not use the cephalom etric techn ique.

More recen t accounts have co n trib u ted  more to the u n d e r

s tan d in g  of adolescent craniofacial grow th (Enlow and H arris , 1964; 

B rad e r, 1956; Tebo and T elford , 1950; S co tt, 1954; Symons, 1951; 

S avara , 1965; B rodie, 1949, among many o th e rs ) ,  b u t again were 

not in tended  to add to our u n d ers tan d in g  of adu lt grow th. How

ev er, several stud ies  m erit noting in re g a rd  to various concepts 

about grow th cessation and adolescent chan g es , p e rh ap s  provid ing  a 

basis for extrapolation to la te r ages.

B roadbent (1931), in in troducing  roen tgenograph ic  cephalo- 

m etrics, developed a series of diagram s (1937) in which he illus

tra te d  an o rd e rly , consisten t grow th p a tte rn  and the  obvious 

s tra ig h t-lin e  path  of landm ark m igration la te r  pub lished  (1975) for 

ages one to 18 y ea rs . Heilman (1935) concluded th a t the infant 

face is transform ed into the adult by increases in size and changes 

in p roportion  and position. He noted th a t depth  of the face in 

c reased  the  most followed by heigh t and w idth . Goldstein (1936) 

fe lt the  face was fully developed by 19. D avenport (1940) studied  

the heads of some 200 children  and re p o rte d  s tr ik in g  v a ria b ility . 

B rain case grow th was felt to be 98% complete by age 15.

Brodie (1941) published  the re su lts  of a seria l s tudy  of the 

human male head from the th ird  month to e igh t y e a rs . D uring th is
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period he noted little  change in the developmental behavior of the 

mean p a tte rn , although considerable individual varia tion  was found. 

He felt th a t a f te r  3 months all landm arks tend  to p ro g ress  on 

s tra ig h t grow th lin e s . Enlargem ent of the  various anatomic areas 

was found to be proportional. A fter an early  age the nasal floor, 

occlusal p lane, and lower b o rd er of the mandible were all shown to 

re ta in  stab le  angu lar re lationsh ips. No change was found in the 

gonial ang le , and no grow th sp u rts  were in evidence.

Realizing th a t individual variations need to be pointed out 

Downs (1948) and la te r  Wylie (1947) designed  several cephalom etric 

a n a ly se s .

Bjork in 1947 concluded on the basis  of a c ross-sectional 

comparison of males 12 years  of age and 20-22 y ears  of age th a t in 

the la te r  ages the  face lengthened in vertica l heigh t with an in 

crease in prognathism  bu t with the mandible exh ib iting  a g re a te r  

p rognath ic  change than  the maxüla. It was also felt the incisors 

u p rig h t betw een the ages of 12 tü l the early tw enties.

Similar re su lts  were noted by Lande (1951) who studied  a 

serial sample of males from 4-17 years of age. R egarding  m andibu

lar p rognath ism , his findings were similar to those of Bjork (1947) 

a f te r  7 years  of age and of Brodie (1941) fo r ages p rio r to 7 years .

Roche (1953) s tud ied  increases in th ickness of various 

regions of the parie ta l and fron ta l bones and rep o rted  slig h t in 

creases up to age 17. This was also rep o rted  by Young (1957).
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Coben in 1955 rep o rted  on the re su lts  of a seria l cephalo

m etric s tu d y  of 47 ch ild ren  from 7-17 years of age with similar

find ings. From 8 years  of age the distance between Basion and 

A rticulare did no t change. Also a fte r  7 years of age the  distance 

between Sella and  th e  in te rn a l surface of the fro n ta l bone did not 

ch an g e .

Nanda (1955) perform ed a seria l s tudy  to age 20. Growth

ra tes  continued, even a f te r  the plateau in body h e ig h t, up to the

end of the  period  s tu d ied . This is d iffe ren t than  the  conclusions 

of T anner (1955) who fe lt face heigh t follows a genera l grow th 

cu rve.

Bjork and  Palling (1955), in a longitudinal s tu d y  of 243 

Swedish males (12-20 years  of ag e ), observed  no significant u p r ig h t-  

ing of the lower in c iso rs .

In 1960 two stud ies  by Nelson and Ehnajian on two adoles

cent samples up to th e  age of 20 years found th a t point Sella moved 

with time. Sellar movement has also been noted by Latham (1962) 

for a t least 10 y ears  a f te r  b ir th .

Bambha (1961) followed 25 males and females from 1 month 

to 30 y ea rs , g a th e rin g  craniofacial m easures. He fe lt th a t the 

grow th of the calvaria and cranial base was completed before maxi

mum body h e ig h t was o b ta in ed , a lth o u g h , the face continues to 

grow. Inspection of at least one female case (#69) dem onstrated  

th a t sligh t grow th o ccu rred  between 22 and 28 in S e lla -In frad en ta l, 

Sella-G nathion, and  Sella-G onion.
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H unter in 1966 rep o rted  th a t facial grow th changes can 

continue late into the second decade for females and freq u en tly  into 

the th ird  decade fo r m ales. This was based  on a s tu d y  of 25 males 

and 34 females from 7 years th rough  adolescence. I t  was found 

th a t a t age 18 only two males had completely term inated th e ir  

grow th . Term ination of grow th was judged  on the basis  of five 

su b seq u en t annual exams apparen tly  showing no change.

B ergersen  (1966), in assessin g  th e  d irections of facial 

grow th utilizing  a longitudinal sample of 60 indiv iduals from ages

1-30 y e a rs , found th a t facial landm arks A nterio r Nasal Spine, 

Nasion and Rhinion exh ib ited  grow th d irections which most closely 

resem ble a s tra ig h t l in e . Pogonion and B point dem onstrated the  

g re a te s t  v a ria b ility . No p a rtic u la r  a tten tion  was given to the  age 

span from 20-30 y e a rs , b u t it is ap p a ren t th a t his g raphs indicated  

some continued change. B aer and H arris  (1969) noted sligh t in c re 

m ents in ex te rn a l skuU leng th  up to 24 y e a r s .

Hummerfelt and Slagsvold (1972), u s in g  32 males and 18 

females with cephalogram s taken at 11 and  about 25 years  of age, 

found crow ding of the in c iso rs , loss of a rch  le n g th , an increase in 

the in te rin c isa l angle and "normally" changing  facial re la tio n sh ip s . 

Walker and Kowalski (1972) in in v estig a tin g  an ex tended  series of 

angu lar cephalom etric re la tionsh ips found age and sex d iffe ren ces .

Roche and Lewis (1974) s tud ied  58 males and  41 females in 

re g a rd  to cessation of elongation in the cran ial base . They found 

th a t Basion-Sella and Basion-N asion and  Sella-Nasion increases 

ceased at about 17 years in females b u t con tinued  fo r males fo r
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each leng th  beyond 17. Lewis and Roche (1977) also s tud ied  the 

angle Basion-Sella-N asion on a sample 0-40 years of age, and came 

to the  conclusion th a t th is angle is not s ta tic  a f te r  pubescence even 

though th e  angle changes little  beyond the  age of 16. No sex 

differences were no ted .

In assessin g  the facial soft tis su e s , Subtelney (1959) 

s tu d ied  15 males and  females age 3-18 y ea rs . Nose grow th was 

found to continue in a downward and forw ard m anner. The u p p e r 

and lower lips increased  in length  with the  u p p e r lip constan tly  

re la ted  to Prosthion and the  u p p er incisal edge; the lower lip 

constan tly  re la ted  to In fraden ta le  and the lower incisal edges. Vig 

and Coben (1979) fu r th e r  documented th is m anner of Hp grow th.

Several o th e r long range grow th stud ies  have been rep o rted  

(Riolo et a l . ,  1974; B roadbent e t a l . ,  1975) in which the g en era l

ized normal grow th of the craniofacial complex is describ ed . In all 

s tud ies the impact of age , sex , ethnic b ack g ro u n d s, and many 

o th er fac to rs  a re  all deemed to play a role in th e  n a tu re  and m agni

tude of grow th which proceeds in a d ifferen tia l, rap id ly  accelerating  

and decelera ting  m anner th ro u g h o u t the adolescent period .

While th is  inform ation is valued , investigations were often 

term inated before grow th cu rves had reached  a p la teau . Inspec^'on 

of cu rv es  in severa l stud ies give evidence to su g g est th a t small in 

creases s till o ccu rred  (Simmons, 1944; D earborn e t al. , 1938; Gray 

and A yers, 1931; O 'B rien and G irshick, 1939; B erg erso n , 1966). 

In sp ite  of some evidence to the co n tra ry  many re se a rc h e rs  have 

indicated th a t major grow th term inates before 20 years  (B aer and



59

H arris , 1969; Roche, 1953; Young, 1957; B jork, 1966). T h u s, 

biases in reg a rd  to adu lt grow th ex ist despite  a lack of in -d ep th  

s tu d y .

Phylogeny

Viewing the grow th ch arac te ris tics  of o ther life forms b e

sides man may give some in sig h t about grow th in general th ro u g h 

out the  aging period .

Non-mammalian V erteb ra tes

Although th e re  are  excep tions, cold blooded v e r te b ra te s

(fish e s , am phibians, rep tile s )  a re  considered  examples of an in d e te r 

minate mode of body grow th with little  evidence of loss of v igor and 

w ithout a definite life span (Backm an, 1938). Many tim es, using  

scales for determ ining age , it has been shown th a t as a fish  b e 

comes o lder, grow th continues b u t with a g radual slowing. Indeed ,

female fishes may become more fertile  with age (A ndrew , 1971). In

general the la rg e r fish  grow la rg e r  and live longer. Among rep tiles  

th e re  is apparen tly  an ex tended  longevity with an ex tended  active 

grow th p e rio d . Examples given cen te r around species of tu r t l e s , 

some of which have been reco rded  to live over 150 y e a rs , and 

atta in  g rea t size. The snakes s tud ied  (F itch , 1949) show rap id

early  grow th which then  slows b u t continues th roughou t adu lt h fe . 

For b ird s  (warm b looded), size rela tionsh ips to longevity ap p ear to
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be similar to those in mammals (B ourH ere, 1959).

Mammals

In reg a rd  to longev ity , some mammals are believed to live 

q u ite  long (h o rse , e lep h an t) , bu t man apparen tly  is among the 

longest Lived. M onkeys, lem urs and some o th er prim ates app aren tly  

re p re se n t the  lo ngest-lived  o rd e r  of mammals. R egarding mamalian 

grow th du ring  adulthood, documentation is sp a rse , b u t is c lear 

grow th continues in  the adu lt period in the  monkey. McNamara and 

G raber (1975) in s tu d y in g  the  grow th in Macaca m ulatta dem onstra t

ed small b u t m easurable changes at a reduced  ra te  in the  mandible 

of the adu lt m onkey. The p o ste rio r b o rd e r  of the mandible showed 

significant additions th roughou t all grow th periods with more demon

s tra te d  in the male. They concluded th a t grow th and rem odeling 

continued to occur in the o ldest age group stud ied . C ontinued 

grow th of cranial s tru c tu re s  has also been dem onstrated  in the 

adu lt p ig  (B ra sh , 1934), th e  r a t  (B aer, 1954; B eh ren ts , 1975) and 

the  guinea p ig  (R ogers et a l . ,  1964).

M orphogenetic Implications

Humphrey in 1858 p u t fo rth  a basic tho u g h t of his period 

re g a rd in g  the  d ifferences betw een young and old bone in re g a rd  to 

rem odeling p a t te rn s .  He proposed  th a t a balance is in effect b e 

tween apposition and re so rp tio n , depending on age, which re su lts  

in quan tita tive  in c re a se s , decreases o r no ch an g e .
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It is also im portant to note the work of B rash  (1934) who 

attem pted to study  the  grow th and development of the skull vau lt in 

the pig. He came to the conclusion th a t the vault grows by surface 

deposition and endocranial reso rp tio n  with little  su tu ra l ac tiv ity . 

Baer (1954) su g g ested , how ever, th a t the pigs used  in B rash 's  

s tudy  were too old to show su tu ra l grow th. Mednick and W ashburn 

(1956) clarified the situation by s tu d y in g  the young pig compared 

to the adu lt. They did dem onstrate the  im portance of su tu ra l 

grow th a t younger ages, b u t in essence they also clearly  demon

s tra te d  th a t the growth of th e  adu lt p ig  occurred  as described  by 

B ra s h .

I t should also be rem em bered th a t continued periosteal 

apposition and endosteal reso rp tion  in the appendicular skeleton 

with age has been dem onstrated (G arn e t a l . ,  1964; Garn e t a l . ,  

1967; Smith and Walker, 1964; T ro tte r  and P eterson , 1967; Epker 

and F ro st, 1966). The n e t re su lt is g re a te r  c ross-sectional dia

m eter with diminished cortical th ick n ess . Thus it is clear th a t age 

can re su lt in resorp tion  in excess of deposition.

From a m orphogenetic viewpoint P rofessor Enlow's famous 

work has given the craniofacial biologist a g rea t deal of information 

in relation to the generalized  p a tte rn s  of facial grow th with the 

co rresponding  p a tte rn s  of s tru c tu ra l remodeling which occur in the 

underly ing  bones. However, his observations are  based  prim arily 

on child and adolescent sku ll m aterial and cannot necessarily  be
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ex trapo la ted  to fu r th e r  aging. In th is re g a rd  Enlow (1981) feels 

th a t once basic adult form is obtained, unless th e re  is an in trin s ic  

environm ental a lteration  (change of function , change in biomechani

cal c ircum stances, loss of tee th , e tc .)  th a t g ro ss  (no t histologic) 

rem odeling basically is static  in effect. Environm ent changes, 

how ever, are quite  LUcely, indeed certa in . As evidence of this

re la tio n sh ip , a s tu d y  by Enlow and o th e rs  (1976) reg a rd in g  the 

changes in m andibular basal bone and the ramus a fte r dental loss 

found th a t ex tensive  remodeling occurs th roughou t aU m andibular 

a re a s .

F u r th e r ,  it is in te re s tin g  to note th a t in view of th e  v a ri

ous s tu d ies  on craniofacial aging the evidence su g g ests  a sym

m etrical increase  in all dimensions ( Is ra e l, 1973). If a gradual

m agnification o r enlargem ent of the craniofacial skeleton is accepted , 

and if the su tu re s  a re  basically inactive co n trib u to rs  to change in 

the  craniofacial skeleton, a generalized su rface  accretion of new

bone conforming to the ex isting  osseous contours remains as a 

p lausible mechanism, a view which Enlow (1968), how ever, would 

deem false . He feels it is not possible for a bone to undergo  any 

sign ifican t degree of overall enlargem ent w ithout corresponding  

deposition at the su tu re s  and w ithout rem odeling. Proportional 

additions to the su tu ra l m argins and regional rem odeling are  both 

n ecessary  in o rd e r  to maintain p roportionate morphology of the  bone 

and  p roportionate  position. It would be unhkely  th a t the  complex 

rem odeling of childhood is en tire ly  absen t o r v ery  simplistic during  

aging as may be suggested  by previous s tu d ie s .
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I t would thus be helpful to u n d e rs tan d  what mechanisms 

p re sen t in adolescence fo r growth partic ipa tion  and adjustm ent are 

also p re se n t in adulthood. While it is difficult to imagine th a t the 

mechanisms evoked by Scott and Moss are  active in aging (in r e 

g a rd  the nasal septum , b rain  g row th , e t c . ) ,  considerable lite ra tu re  

is available as to the availability of su tu re s  d u rin g  aging.

Krogman (1930) feels th a t all su tu re s  are closed by time of 

erup tion  of the th ird  m olars. The facial su tu re s  close soon after 

th e  cran ial su tu re s  with the  su tu re s  th a t connect the cranium to the 

face the last to close. Saying th is  ano ther way, grow th a t the 

su tu re s  ceases on the  average two years  before completion of body 

he igh t with the condyle growing fo r a sh o rt time a fte r  th a t.

S icher (1965) in s tu d y in g  the p o s te rio r end of median 

palatine raphe found th a t the facial su tu re s  close in the middle 

th ir t ie s , b u t the frontozygom atic remains open in the oldest ages. 

W right (1911) found th a t the  interm axillary  and palatine su tu re s  are 

unossified  as late as 35 years of age. Latham and B urstone (1966) 

in also s tu d y in g  the midpalatine s u tu re  found no evidence of fusion 

a t 18 years of age, or fo r o ther facial su tu re s . Persson (1973), 

how ever, found fusion of the m idpalatine su tu re  at age 17. Scott 

(1967) in an overall view found most su tu re s  appear open on old 

skulls although some union may be p re se n t. Todd and Lyon (1924, 

1925) in stu d y in g  307 skulls accord ing  to dentally-aged g ro u p s, 

found synostosis of the sag itta l and sphenofron tal su tu re s  at 22 

y e a rs , at 24 years in the coronal, and at 26 years in the lambdoidal
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and occipitomastoid. The most rap id  fusion occurred  d u rin g  the 

period of 26-30 years with ectocranial and endocranial su tu ra l fusion 

occu rring  sim ultaneously. Dwight (1890) s tud ied  100 cadavers aged 

17-91 years in re g a rd  to the sag itta l, coronal and lambdoidal 

su tu re s . He felt su tu re s  begin to close a t 30 years  s ta r tin g  in the 

p o s te rio r p a r t of the sag itta l and lower end of the coronal and 

lambdoidal su tu re s . S inger (1953) determ ined th a t cranial su tu re  

closure was too variable to be a reliable source of information fo r 

forensic p ro c e d u re s .

Kokick (1976) s tud ied  age changes in the human fro n to 

zygomatic su tu re  from 20-95 years  of age. He sought to determ ine 

a t what age th is su tu re  could no longer partic ip a te  in rem odeling. 

He showed a tendency tow ard union very  late in adu lt life with 

synostosis occurring  d u rin g  the 8th decade b u t not completely fu sed  

by 95 y ea rs . It was th u s  felt th a t th is might perm it a la te ra l 

tra n sla to ry  effect and thus p erh ap s an increase in bizygomatic 

w idth . In addition the zygomatic bone showed lamellar bone a t the 

facial periosteal surface (a  decrease in th ickness with age) and a 

zone of secondary osteon formation a t the reso rp tive  orb ital p e r i

osteal surface. He felt th a t it is ev iden t th a t craniofacial grow th 

due to periosteal deposition continues th roughou t adu lt life and wül 

most hkely be dem onstrated histologically in o ther facial a r e a s .

A nother area th a t has received  atten tion  are  the cran ial a ir 

s inuses where continued expansion appears to occur with age 

(Cam pbell, 1966; Israe l, 1973; S icher, 1960; Sicher and D ubru l,
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1975). S icher (1960) fe lt expansion of the cranial air s inuses was 

due to a ltered  mechanical s tre sse s  caused by loss of tee th  and 

th inn ing  of the skull b o n e s .

In reg ard  to the  tee th  as a factor in facial grow th , Sicher 

(1949) and Weinman and S icher (1947), on the basis of histological 

da ta , fe lt th a t with age th e re  is normal w earing of the den ta l s u r 

faces which leads to continued erup tion  of the  te e th , with cementum 

formed along with deposition of bone within the fu n d u s. This 

erup tion  along with deposition a t the free  m argin of the  alveolus, 

a f te r  facial grow th has ceased , equals the loss of tooth substance 

and thus facial heigh t is k ep t constan t.

While it is clear th a t the major grow th mechanisms are  

p erhaps not operative d u rin g  ag ing , it is also clear th a t rem odeling 

and p erh ap s su tu ra l adjustm ent indeed o ccu rs. C ondylar a d ju s t

ment may also be operative  as evidenced by pathology re la tin g  to 

acromegaly. The tee th  and su rro u n d in g  tissues may also be influ  en - 

cial in effecting  craniofacial changes and them selves prov ide a basis 

fo r continued rem odeling re sp o n ses , as evidenced by the controlled  

pathology known as o rthodon tics . T hus, in spite of the ap p aren t 

questioned absence of th e  "popular" tran sla tiv e  mechanisms of 

ag ing , enough mechanisms seem to ex ist to effect change in cran io

facial morphology should  th e re  be an influence req u irin g  or a ffec t

ing such change.

Age Cessation Biases 

As the re su lt of a num ber of stud ies concerning the age at



6 6

which human grow th slows and ceases a num ber of "basic inform a

tion" textbook b iases are p resen ted  which in essence summarizes the 

c u rre n t concepts of grow th in the post-adolescent as a period of 

osteological-craniofacial q u iesen ce .

Stedm an's Medical D ictionary (1966) defines th e  adu lt as: 

"Fully grown and m ature; a fully grown ind iv idual."  G rays A nat

omy comments on the adult as;

The skull grows rapidly from b irth  to the seven th  
y ear, by which time the foramen magnum and p e tro u s  p a r ts  
of the tem porals have reached th e ir  full size and the  o rb ita l 
cavities are  only a little  smaller than  those of th e  ad u lt. 
GrowTh is slow from the  seven th  year until the approach of 
p u b e rty , when a second period of activ ity  o ccu rs ; th is 
re su lts  in an increase  in all d irections, b u t it is especially 
marked in the  fro n ta l and facial reg ions, where it is associ
ated with the  developm ent of the air s in u se s .

S u tu re  closure begins at tw enty-tw o years  in the 
sag itta l and sphenofron ta l, at tw en ty -fou r years  in the 
coronal and  a t tw en ty -six  years in the lambdoid and occipi
tomastoid. The process is most rap id  from tw en ty -six  to 
th ir ty  years  then  slows down and may not be complete un til 
old age. The sphenoparie ta l, sphenotem poral, parietom as
toid and squamous begin to close at tw en ty -n in e , th ir ty ,
and th ir ty -se v e n  y e a r s . C losure p ro g resses  v e ry  slowly
with a final b u r s t  of activ ity  in old age. There is con
siderable indiv idual varia tion .

The most s tr ik in g  fea tu re  of the old skull is the di
minution in th e  size of the maxillae and mandible consequent
on the loss of the  tee th  and the  absorption of the alveolar 
p rocesses. This is associated with a m arked reduction  in 
the (occlusal) v ertica l measurem ent of the  face and with an 
alteration  in the  condylar angles of the  m andible.

Basic cu rv es  derived  from Scammon (1930) would indicate 

little change in adulthood (F igure  1). Scott (1954) p re se n ted  data 

which indicated th a t grow th may only gradually  cease (F igures

2 - 3 ) .

Ranly (1980) comments on aging to the adult s ta te  in his
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Synopsis of Craniofacial Growth :

Day by day, year by y e a r , almost im perceptib ly , the 
face of the newborn child is transfo rm ed  by grow th and by 
ag ing ; inexorably , the cu te , p u g -n o sed , b land face of in 
fancy assumes in tu rn  the  expression  of you th , the indiv id
uality  of adulthood, and the ch a rac te r  of age. The f ir s t  20 
years  are anabolic, growling and developing; the years a fte r 
a re  m atu ring , catabolic and d egenera tive .

A fter adolescence, changes in the  face can be ascribed  
mostly to soft tissu e  changes; only in cases of severe  tooth 
loss are  th e re  pronounced a lte ra tions of bone.

With age, the fleshy  nose ten d s  to en large , th e  te x t
u re  of the  skin changes, w rinkles ap p ear, and the soft 
tissu e  of the  face can sag.

Krogman in 1943 summarized the p o s t-p u b e rta l period  as to 

imply th a t grow th term inated by 20 y ea rs  of age (Table II) .

In his com prehensive te x t,  G raber (1966) p re se n ts  several 

illu stra tio n s  sug g estin g  th a t no grow th remains a fte r  20 years of 

age (F igu re  4 ).

B jork and Helm (1967) p re sen ted  data which has been 

widely rep roduced  and indicates little  change in the adu lt especially 

beyond 23 years (F igures 5 and 6).

Enlow (1975) exp resses his sentim ents in th is reg a rd  (italics

mine) :

Note th is  im portant fea tu re  of facial g row th . In many of 
the  grow th and remodeling p rocesses described  th roughou t 
th is  ch ap te r , one major d ifference ex ists  betw een the female 
and the male. In t ^  female, skeletal grow th changes in 
the  face slow and cease sho rtly  a f te r  p u b e r ty . In the 
m ale, how ever, topographic and dimensional changes contin
ue th ro u g h  the late adolescent p e r io d . The facial simi
la rities  th a t ex ist between the  sexes du rin g  childhood, 
th e re fo re , are  a lte red  m arkedly in the  teen s .

In the Bolton S tandards of Developmental G row th, B road

b e n t, B roadbent and Golden (1975) p re se n t the  following (italics 

mine, see also Table 111):



TABLE II

MAJOR PHYSICAL GROWTH TRAITS IN THE 
POSTPUBERTAL PERIOD 
AFTER KROGMAN (1943)

G R O W T H
AQE P E R I O D

BR A I N C A S E  F A C E H E W T R U N K . L I M B S

P O S T P U B E R T A L  

( 1 3 - 2 0  Y E A R S )

N O N E  S L O W  FI NAL 

I N C R E A S E  

IN H E I G H T

S L O W  D E C E L .

T O  FI NAL 

ADULT VALUE

S L O W  INC.  IN 

TR UNK VOL.  

LIMB P R O P O R T S .  

ADULT

O S S I F I C A T I O N E N D O C R I N E S

A P P E A R .  UNI ON G O N A D S S E X  T R A I T S

VE R Y  R A P I D  

UNI ON IN 

LONG B O N E S

S E X  H O R M O N E S  

UP TO 

ADULT VAL UE S

LAT E M AT U RE R S  

F E M A L E S  1 3  

M AL E S  14  

ADULT P A T T E R N S  

ACHI EVED

D E N T I T I O N

D E C I D . P E RM .

M 3  E R U P T S ,  

IF EARLY
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TABLE III

SEXUAL DIMORPHISM IN CRANIOFACIAL GROWTH 
ADAPTED FROM BROADBENT, BROADBENT 

AND GOLDEN, 1975

S E X U A L  DI MORP HI S M IN C R ANI OF ACI AL P A T T E R N S

F E M A L E S M A L E S

O I R O U M P U B E R T A L  G R O W T H  S P U R T 1 0  -  12  Y E A R S 1 2  -  1 4  Y E A R S

m a t u r e  s i z e G R O W T H  P L A T E A U S  AT 1 4  

W IT H  I N C R E A S E S  

T O  1 6  Y E A R S

A C T I V E  G R O W T H  

T O  1 8  Y E A R S

S U P R A O R B I T A L  R I D G E S A B S E N T W E L L  D E V E L O P E D

F R O N T A L  S I N U S E S S M A L L L A R G E

N O S E S M A L L L A R G E

Z Y G O M A T I C  P R O M I N E N C E S S M A L L L A R G E

M AN D I BU L AR  S Y M P H Y S I S R O U N D E D P R O M I N E N T

M AN D I B U L AR  A NG L E R O U N D E D P R O M I N E N T  L I P P I N G

O C C I P I T A L  C O N D Y L E S S M A L L L A R G E

M A S T O I D  P R O C E S S E S S MA L L L A R G E

O C C I P I T A L  P R O T U B E R A N C E I N S I G N I F I C A N T P R O M I N E N T
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Looking superficially  a t the elements th a t re la te  to th e  
popular concept of "craniofacial sexual dim orphism ".. .one 
notes th a t the phenomenon of the  adolescent grow th sp u r t  
(c ircum pubertal) is generally  accepted to occur between the 
ages of 10 and 12 years in the female and 12 and 14 years 
in the male and th a t the  term ination of active grow th takes 
place in a p lateauing  of sizechange m t ^  females a t 14 
y e a r s . H ow ever, minimal grow th continues on ^  1^ years 
of age; w hereas in the  m ales, in c o n tra s t, are  observed  to 
continue actively m grow th increm ents to the eigh teen th  
and  n ineteen th  y e a rs . Actually sexual dimorphism is in the  
main an expression  of secondary  sexual ch arac teris tics  th a t 
occurs a fte r  p u b erty  and d u rin g  the  adolescent y e a r s . 
Essentially  nine craniofacial areas can be defined as showing 
notable variab ility  betw een th e  male and female. . .These 
may, of cou rse , e n te r  into individual treatm ent p lann ing , 
b u t they  do not basically a lte r  the  skele ta l-spatia l re la tion
sh ip s , th a t, in fac t, are  the su b s tru c tu re  for the p ro p er 
alignm ent of the dentition .

The most familiar d ifferences are  the la rg e r size of the  
fro n ta l sinuses and su p rao rb ita l ridges of the male v e rsu s  
those of the  female and the  la rg e r  nose and more prom inent 
chin point in the  male as co n trasted  with those of the 
fem ale. Then of le sse r  im portance is the  lipping out of the 
gonial angle in the male. Of least im portance are the  
differences in occipital condyles and occipital p ro tu b eran ce . 
Sexual dimorphism of the  craniofacial s tru c tu re s , th en , is 
rea l b u t of qualified significance.

Conclusions of Craniofacial Aging Studies 
and Statem ent of Thesis

Based on studies involving individual ontogeny it is clear 

th a t aging humans may indeed change th ro u g h  time and may indeed 

re ta in  the ability to change even on an osteological level. However, 

in attem pting  to summarize the re su lts  of p rev ious stud ies  reg a rd in g  

the craniofacial complex it  is extrem ely d ifficu lt to a rriv e  a t any 

definite conclusions. This is because the various stud ies which 

have been conducted in th is  area  are  no t generally  compar



8 0

able and th u s  not corroborative in n a tu re . D ifferen t ages s tu d ied , 

d iffe ren t times of m easurem ent, d ifferen t designs of s tu d y  (c ro ss- 

sectional, long itud ina l), non-com parable m easu res, d iffe ren t g en e ra 

tions (p reh is to ric , m odern), races, d iffe ren t sex es, d ifferen t 

m ethods of inform ation g a th e rin g , and o th e r fac to rs  have all served  

to obfuscate  the  overall find ings in re g a rd  to craniofacial aging. 

As su ch , no uniform conclusions or even a concensus ex ists  con

ce rn in g  when and if craniofacial increases cease.

F u r th e r ,  th e re  is a t p re sen t no rea l evidence of d ifferen tia l 

g row th , a sex effect (ex cep t s ize ), or e thn ic  e ffec ts . Longitudinal 

data  on both  males and females with long spans a re  v ery  limited 

(p e rh ap s  a to tal of 75 people in all s tu d ie s ) ,  and  w hat m aterial 

ex is ts  may be limited in its  in te rp re ta tio n . Also little  information 

e x is ts  fo r the face w ithout the  neu ro cran iu m . In sp ite  of these  

lim itations it appears th a t the c u rre n t feeling involves a simplistic 

enlargem ent of the craniofacial skeleton by  ectocran ial apposition 

and  endocranial reso rp tion  th roughou t adu lt ag ing .

The re su lts  of these  craniofacial s tu d ie s  are  not consisten t 

w ith p re se n t m orphogenetic though t and do not appear to be a 

d irec t ex trapo lation  of the effects of grow th in adolescence. In 

deed , the basic conclusion of a "symmetrical m agnification" of the 

craniofacial skeleton d u ring  aging is in co n sis ten t with the known 

asp ects  of rem odeling.

The p re se n t s tu d y  wül attem pt to p ick  up w here previous 

grow th s tud ies  on adolescence stopped and attem pt to clarify  p re 

vious s tud ies  on the  aging craniofacial sk e le to n . The main objective
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of the p re se n t s tudy  has been to determ ine, docum ent, describe 

and evaluate the n a tu re  of specific morphological changes and 

adjustm ents w ithin the  craniofacial complex associated  with p o s t

m aturation and aging. A lthough it is possible to recap itu la te  ev ery  

aspect of prev ious adolescent grow th s tu d ie s , the  p re se n t s tu d y  will 

be limited to certain  asp ects  of craniofacial grow th. I t  is also the 

pu rpose  of the p re se n t s tu d y  to d iscuss the  findings in re g a rd  to 

p rev ious knowledge reg a rd in g  facial m orphology, grow th , age , sex , 

normal and abnormal varia tio n , trea tm en t, grow th cessation , grow th

mechanism, and dental and oral disease.

This research  has been accomplished in living individuals 

s tud ied  serially  by means of roen tgenograph ic  cephalom etry in o rd e r  

to develop a more m eaningful system  fo r the  u n d e rs tan d in g  of 

craniofacial construction  a t d iffe ren t age levels based on changes

produced by grow th and aging  p ro cesses.



CHAPTER II 

MATERIALS AND METHODS

. . .th e  longitudinal method b rin g s  in to  focus the individual 
organism , the  en tity  of grow th, which m erits consideration 
as th e  logical un it of s tu d y . . . S tudies of the type con
ducted  by  B roadbent (1937) and B rodie (1941), if ex tended 
to cover the  adu lt period , could te s t  and quan tify  the leads 
coming from both anthropom etric su rv ey s  and com parative 
histological a n a ly s is .

B aer, 1956

Sample

The sample used  in the p re se n t s tu d y  consists  of some of 

the  p erso n s who were p artic ip an ts  in th e  o rig inal Bolton S tudy . 

The orig inal Bolton S tudy consisted  of longitudinal data g a thered  at 

yearly  exam inations, in itia ted  a t various young ages and term inating 

a t various o lder ages. The Study was actively  conducted  from 1928 

u n til the 1960's, with in term itten t reco rd s  g a th e red  into the 70's. 

In all some 22,000 examinations were conducted . Bolton Study 

reco rd s  consist of la tera l and P. A. cephalogram s, h an d -w ris t 

x - ra y s ,  den tal c a s ts , he igh t and weight reco rd in g s , and a dental 

exam ination. The original Bolton Study population includes almost 

6,000 indiv iduals who were generally  of European an cestry  and 

considered  clinically normal. This population is qu ite  unique b e 

cause of the size of the  sample, the du ra tion  of the  reco rd  g a th e r

in g , and  the com pleteness and p recise  s tandard iza tion  of the re c o rd 

ings on each indiv idual. A more complete accounting  of the Bolton

8 2
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Study is given in Appendix B .

Since the Bolton Study was conducted  mainly to investigate  

the normal child (generally  ages 1-18), it was n ecessary  to recall 

ind iv iduals for the  p re se n t s tu d y . The sample was g a th ered  on the  

basis of the following c rite ria .

1. Availability of young adu lt reco rds : In o rd e r to com

p are  young adult to older adult reco rd s  th e  p artic ip an ts  m ust have 

had  reco rd s taken  previously  as young ad u lts . In o rd e r to provide 

fo r th e  most information for th is  s tu d y  and  o th ers  based  on th is  

new information the original population was screened  fo r those 

p a rtic ip an ts  who had records ex istin g  a t 16 years of age o r older 

(1605 possible cases) . In o rd e r to fu r th e r  limit and refine the 

sample those cases with reco rds 17 years of age or o lder were 

selected  for recall (934 possible c a se s) . The sample selected in 

cluded  some of the  same indiv iduals who com prised the basis fo r the 

"Bolton S tan d ard s" .

2. U ntreated ; Those p a rtic ip an ts  who were known to have 

undergone  what is commonly th o u g h t of as active orthodontic t r e a t

ment were excluded for recall even though treatm ent in all such 

cases was completed before the period  of s tudy  (234 cases were 

d iscarded  leaving 700 possible c a se s) . Some non-com prehensive 

cases were be included (b rin g in g  down an im pacted cu sp id , Hawley 

re ta in e r  fo r simple ro tations or space c lo su re ), b u t only on the 

basis  th a t no major appliances were fixed  to the te e th , th a t t r e a t

ment lasted  a sho rt time, and th a t  such  trea tm en t was fin ished at
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least two years p rio r  to the years covered  in th is  s tu d y . For all 

in ten ts  and pu rposes an u n trea ted  sample was th u s  selected for 

recall. Upon recall if it was found th a t com prehensive orthodontic 

trea tm en t had been conducted , the  p a rtic ip an t was examined b u t not 

used  in the p re se n t s tu d y  (ex cep t as noted in the "trea ted" 

sam ple).

3. Availability of quality  reco rd s  : Recall sub jects m ust 

have had quality  rad iog raphs with th e  n ecessary  m easurem ents to 

ad ju st fo r m agnification. This was a rou tine  p rocedure  in the 

s tu d y . In recall exams conducted outside of the  Bolton S tudy , 

w here th e re  was any doubt as to th e  "cephalom etric" n a tu re  of the 

re co rd s , they  were deleted  from th e  p re se n t s tu d y .

4. Availability fo r recall : To be included it was necessary  

to be able to locate and recall the  p a rtic ip a n ts  (214 were located to 

a b e s t geographic approxim ation and selected fo r reca ll). Very few 

reco rd s  ex isted  on file before th e  p re se n t s tu d y  covering various 

adu lt a g e s , th u s  it was necessary  to recall a large  num ber of p a r 

tic ipan ts  in the Cleveland area  and across the  c o u n try .

5. Health : Any p artic ip an t whose health  was not judged 

"good" upon recall was deleted from the s tu d y . R egarding dental 

health  any p artic ip an t who was m issing more than  3 p o ste rio r teeth  

(no t including  th ird  m olars) was excluded from the  p re sen t study  

excep t as noted in th e  D iscussion fo r com parative purposes ("S eri

ous D ental Problems" sam ple).

6. Availability of final reco rd s  : Final exam reco rds were
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g a th e red  at 25 y ears  of age o r older.

Recall P rocedure

The possible p artic ip an ts  were con tac ted , req u es te d  to fül

out a health  questio n n a ire , and asked to re tu rn  to the  Bolton Study

for exam ination. Upon receiv ing  a favorable rep ly  the  p artic ip an t 

was scheduled  fo r an exam ination. The exam ination, which took 

about one h o u r, consisted  of the  following determ inations:

1. H eight and w eig h t: Height m easures w ere taken  with

the same in stru m en t used  to record  in the o rig inal s tu d y  (S tado- 

m eter. C ontinental Scale W orks). Shoes w ere rem oved b u t not 

so c k s . P revious m easures w ere taken  similarly excep t in some 

instances p ap er s lippers  were w orn . Weight was reco rd ed  by the

use of a s ta n d a rd  scale (F a irb a n k s). I t  was not known when the

p re se n t scale was f ir s t  used  in th is  s tu d y .

2. Medical and den tal h isto ries : The health  questionnaire

was gone over by the  exam iner fo r updates  and  fu r th e r  docum enta

tion .

3. Head and  neck examination : A s ta n d a rd  sc reen ing  for 

facial and  oral can cer was given.

4. D ental examination : The dental exam ination consisted

mainly of no ting  m issing tee th  and prosthodon tic  replacem ents if 

p re se n t. Notations w ere also made in re g a rd  to the condition of the  

gingiva and  angle c lassifica tion . They were also questioned  as to 

w hether they  had  been tre a te d  o rthodon tically .
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5. Temporom andibular joint examination : The p a rtic ip an t 

was asked to re p o rt recollections as to any p a s t o r p re se n t p ro b 

lems with the jo in t, o r any pain , or sounds upon opening o r closing 

the  jaw. They w ere also examined physically  by  palpation , ascu lta - 

tion (non-am plified) over the joint and with f in g ers  in th e  ears  in 

o rd e r  to d e tec t any popping, clicking o r c rep itu s . I t was also 

noted as to th e  type of dynamic occlusion, any deviation upon 

opening or closing, and any p rem aturities.

6. Photographic reco rd s: Photographs of th e  in tra -o ra l 

region (3 view s) and of the full face (3 views) were taken using  

s tan d a rd  photographic techniques.

7. Dental im pressions : The p artic ip an ts  were also r e 

quested  to have dental im pressions and a b ite  reg is tra tio n . This 

was accomplished with s tan d a rd  orthodontic tra y s  and alginate and 

poured  within 1 hou r of g a th erin g . A wax b ite  was also taken in 

cen tric  occlusion.

8. X -ray s : L ateral and  p o ste ro an te rio r cephalogram s were 

taken u sin g  one of the cephalom eters used  in the  orig inal s tudy  

(B roadbent-B olton  R oentgenographic C ephalom eter, #7-AKS 60) 

according to the p rec ise  standard ized  method used  in th e  original 

s tu d y  as described  in B roadbent e t al. (1975). Cephalogram s were 

taken  with the p a tien t in cen tric  occlusion . P artic ipan ts  w ere told 

to b ite  th e ir  tee th  to g e th e r and  ju s t re lax  (they  hab itually  placed 

th e ir  lips to g e th e r ) . ML and P+ m easures were reco rded  fo r each 

view accordingly so as to be able to ad just for m agnification.
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Trimax 8 (3M) ra re  ea rth  screens with XUD film (3M) was used  to 

obtain maximum detail. Exposures were ad justed  p e r p a tie n t, b u t 

generally  90 KVP and 15MA was used  at ^ second exposures for the 

la te ra l view and 1^ seconds for the PA view. H and-w rist films were 

taken by placing a casse tte  in the cephalostat (se t at 5 fee t)  and 

exposures made at % second, lOMA, 70 KVP using  a p a r  speed 

screen (D upont C ronex) and XG-1 film (K odak). All films w ere

developed in an automatic p rocesso r with fre sh  chem istry to in su re

co n sis ten cy .

All exam inations perform ed in the Bolton S tudy  w ere p e r 

formed by the au th o r except in 3 cases ( B . H . B . ,  J r . ) .  Where it 

was unreasonable fo r  p a rtic ip an ts  to re tu rn  to the Bolton S tudy for 

the examination they  were req u ested  to go to an o rth o d o n tis t n ea r 

th e ir  residence for an equ ivalen t examination. The o rth o d o n tis t was 

contacted to verify  the necessary  examination and rec o rd s . Magni

fication in th is  instance was controlled as modified a f te r  Adams

(1940). Examples of all p a tien t and o rthodontist co rrespondence

and exam forms are included in Appendix C .

Data Analysis

Although a g rea t deal of examination data w ere collected, 

most win be re p o rte d  b u t not scru tin ized  extensively  a t p re se n t. 

Principal emphasis cen te rs  around  the la te ra l cephalogram .

L ateral cephalogram s were traced  and landm arks located 

according to s ta n d a rd  techniques (B roadbent e t al. , 1975). Where
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landm arks were difficult to iden tify , th e  p o ste ro an te rio r cephalogram 

was utilized with a Bolton O rien tator to  a ss is t in landm ark location. 

The landm arks were subsequen tly  reduced  to x -y  coordinate data 

u tiliz ing  a d igitizing pad (Sum m agraphics) and s to red  via com puter 

memory fo r la te r  an a ly s is .

The landm arks utilized in the p re se n t s tu d y  a re  defined in 

A ppendix D, as are the various planes used  for some m easures. In 

all some 87 landm arks on each x -ra y  were u tilized . These land

m arks and planes may be in fe rred  from F igures 7-11.

Enlargem ent A djustm ent

A special program  was utilized to co rrec t fo r enlargem ent 

p re se n t in each film . This program  used  an object-füm  relation in 

the  la te ra l cephalogram term ed the  "m idline-lateral film distance" 

(ML) to ad just the x -y  coordinate data for each x -ra y  to a s tan d ard  

6% enlargem ent. This p rocedure  was invaluable in term s of red u c

ing the  photographic-like enlargem ent p re se n t in all films to a 

uniform , s tan d a rd  value. This allowed enlargem ent due to tech 

nique to be d istingu ished  from th a t due to grow th.

Age Determination

Most of the p artic ip an ts  were orig inally  examined v ery  near 

to th e ir  b ir th  d a tes , b u t rounding to the  n e a re s t age was accomp

lished w here necessary  except for the age 17 determ ination. To be
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F igure  7. Cephalometric landm arks.



90

g.
1:

,10

l25
23]

20

F igure  8. Cephalom etric landm arks in the 
den ta l area .
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Figure 9. H orizontal cephalom etric p lanes. 1; 
Sella-N asion; 2: F ran k fo rt Plane; 3: Palatal Plane; 4:
Functional O cclusal Plane; 5: Down's Occlusal Plane;
6: M andibular Plane.
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10

Figure 10. V ertical cephalom etric p lanes. 7; 
Ramai Plane; 8: PM V ertical Plane; 9: Lower Incisor
Axis; 10: McNamara's Nasion P erpend icu lar Plane; 11:
U pper Incisor A x is .
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Figure 11. V ertical cephalom etric p lanes. 12: 
Facial Plane; 13: Soft T issue Plane.
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classified  as 17 the person  had to be betw een the ages 16 y ea rs , 11 

m onths and 17 y e a rs , 6 months at the exam ination. Two females 

who unexpected ly  re tu rn e d  fo r a recaU exam (sib lings were recal

led ) had  available initial films at 16 y ears  of age only , b u t were 

included  as th is  was not deemed a problem.

Superim position

A fter each series of x -ra y s  was d ig itized  and ad justed  for 

en largem ent, the  trac in g s  were superim posed u tilizing  a Sella re g is 

tra tio n  and Sella-Nasion orientation  to form prelim inary opinions as 

to w hat was tra n sp ir in g  in re g a rd  to g row th . It was fuUy r e alized 

th a t  th is  p ro ced u re  did not account fo r enlargem ent (ex cep t where 

th e re  was no major d ifference in the ML d ifference in the  se rie s ) . 

S ubsequen t analysis via com puter would v e rify  w hether such prelim i

n a ry  opinions were v a lid .

Measurement

M ethods to determ ine the size and  configuration  of the 

osseous rep resen ta tio n s  of bones on cephalogram s have been fairly  

well estab lish ed  in the li te ra tu re , as well as alignm ent p rocedure  

and cum ulative con tribu tions to the composite whole. T herefore the 

m ethods of analysis wiU be essentially  th e  same as in th e  p ast 

l i te ra tu re . A lthough the analyses are re la tive ly  simple and  s tra ig h t

fo rw ard  the  data derived  are ex tensive and  complex. T hu s ,  com

p u te r  re so u rces  were utilized for reco rd in g , o rgan iz ing , combining, 

re tr ie v in g , and analyzing inform ation.
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Two separa te  g roups of m easures were utilized. Group 1 

(1-139) consisted  of all d istances from all points to Sella and aU 

angu lar values from aU points to the  Une SeUa-Nasion. The in ten t 

of th is  group of m easures was to provide an overall im pression as 

to changes which m ight be p re se n t much as s tan d a rd  superim posi

tion methods attem pt to do. The re su lt and values could also be 

easily displayed graphically  by age, sex , etc . to provide a v isual 

d isplay of adult changes. From these  graphic d isplays it  is  also 

possible fo r the  read er to determ ine the approxim ate value of his 

"favorite" m easures. O r, it wül be possible fo r o th e r re sea rch e rs  

to reanalyze the p re se n t re su lts  and provide th e ir  own in te rp re ta 

tions of any changes which are  tak ing  place. This method of 

course is not w ithout cav ea ts , how ever, as the  re lative e r ro r  of 

certa in  m easures would be d isreg a rd ed  (see Baum rind and F ran tz , 

1971 for a d iscussion and Books te in , 1982, 1983 fo r fu r th e r

c a v e a ts ) .

Group 2 m easurem ents (140-277) consist of m easurem ents 

commonly used in th e  orthodontic  lite ra tu re  to describe the  size, 

shape and position of the various craniofacial s tru c tu re s . The 

cephalometric analyses are generally  based  on those by Downs, 

Reidel, Tweed, S te in er, McNamara, R icketts , Is rae l, Riolo and 

B roadbent. The in ten t of th is group of m easures is to provide 

values which are easüy communicated and  understood  by  craniofacial 

b io lo g ists . W hether these  m easures are valid in theory  is co n tro 

v e rs ia l, b u t they do prov ide inform ation enough to supply  an in te r 

p re ta tion  of the changes which take place. In Group 1, 139 m eas
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u res  were made; in Group 2, 158 m easures were accomplished. The 

cephalom etric m easures taken can be in fe rred  from the illu stra tions 

in A ppendix A.

D iscarding Data

In certain  instances reco rds were unusable due to condi

tions such as poor health  (g en era l o r den ta l) of the sub jec t, "un- 

cephalometric" technique (e a r  rods not fo c u se d ), lack of m agnifi

cation data , poor quality films, o r unlocatable landm arks. In these 

instances the single füm o r en tire  series was d iscarded  (10 complete 

series were d isca rd ed ). Also, no more than  9 films in any one

series were traced  and d ig itized . Selections of films in th is  in 

stance were decided on the basis of p rov id ing  the  "best" age spans

(say  17, 20, 25, 30, 35, 40, 50, 60, 70 y ears  of ag e).

The s tu d y  also originally in tended  to assess  the p o sterio r 

p a r ts  of the skull (po in ts  34-37) and the fo u rth  cervical v e rte b ra  

(po in ts  69-74). However, all analyses reg a rd in g  these points were 

abandoned. In term s of techn ique , th ese  points were only variab ly  

included on the x -ra y  film due to casse tte  positioning, and it was 

not unusual for some to be m issing fo r severa l films in a se rie s . 

The options were to tre a t these  select x -ra y s  as p rov id ing  m issing 

da ta , d iscard ing  the series o r deleting  the  landm arks and su b se 

quen t m easurem ents. The la tte r  was chosen as it was also very  

clear th a t selecting only those complete series with posterio r skull 

and C4 points would diminish the sample. The prime emphasis of
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th e  s tu d y  was the facial reg ion , and including only those complete 

series having  p o s te rio r sku ll and C4 points would tend  to bias the 

s tu d y  in term s of se lecting  fo r "smaller h ead s" , as it was v e ry  

clear th a t these m issing po in ts were often m issing because the 

sub jec t had "outgrow n" the ca sse tte . The only d istu rbance  th is  

posed to th e  orig inal plan of the  p re se n t s tudy  was th a t of not 

being able to compare the p re sen t re su lts  to those of o th ers  in 

re g a rd  to m easures involving th e  p o ste rio r skull. Also su p erio r 

skull landm arks could n o t be located due to the  casse tte  size which 

has been used  th ro u g h o u t th e  en tire  s tu d y .

Additional Samples

Besides the orthodontically  u n tre a ted  sample it became clear 

upon recall th a t some of the  p a rtic ip an ts  had  received  com pre

hensive  orthodontic trea tm en t as ch ildren  which was no t reco rded  in 

the Bolton catalogue system . While o th er stud ies have included 

tre a te d  (not in adulthood) cases in th e ir  sample (F o rsb e rg , 1976, 

1979), it was decided no t to include them in the u n tre a te d  sample 

b u t ra th e r  to te s t fo r d iffe ren ces . This tre a ted  sample fulfilled all 

o rig inal c rite ria  excep t fo r trea tm en t.

Likewise an o th er group of people upon recall were found to 

have undergone major den ta l changes (more than  3 p o ste rio r tee th  

lo s t) . Examples include complete d e n tu re s , p artia l d en tu res  and 

ex tensive  bridgew ork . Although these types of cases have been 

previously  s tud ied  ( Is ra e l, 1971) it was again decided to te st for
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differences between the  u n tre a te d  (dentally  sound) group and those 

with serious dental problem s. All selection c r ite ria  w ere applied to 

th is group except fo r the num ber of m issing tee th .

Data Reduction

AU analyses of the  p re se n t data utilized the  SPSS (S ta tis ti

cal Package fo r the  Social Sciences) program s available a t Case 

W estern R eserve U niversity . Because the sample p re sen ted  d iffe r

ences in s ta r tin g  ag es , fina l ages, vary in g  num ber of record ings 

p e r  series (2 -9 ) , and d iffe ren t age sp an s, in fe ren tia l te s tin g  was 

limited so as not to obscure  the individuality  of change.

D escrip tive S tatistics

D escriptive s ta tis tic s  were calculated in the  u n tre a te d  group 

fo r both  males and females according to the in itial and final films in

a se rie s . For th is initial to final comparison the foUowing s ta tis tic s

were calculated:

1. Gain-No G ain. The num ber of individuals who gained 
fo r a p a rtic u la r  value v e rsu s  those who showed no gain 
o r diminished over the  period.

2. Mean Delta.

3. Delta S tandard  D eviation.

4. Maximum Delta. The maximum positive gain.

5. Minimum Delta. The maximum negative change.

6. Mean P ercen tage C hange. The deltas were divided by 
the original value to indicate the p ercen tag e  change. 
Where an orig inal value could have a value n e a r  zero , 
the  mean p e rcen t change was deleted as values obtained 
could be extrem e and m isleading.
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7. Group Means.

8. Male M eans.

9. Female Means.

In addition, male and female means and stan d a rd  deviations 

w ere calculated according to age (17-18 y ea rs , 19-20 y e a rs , 21-30 

y e a rs , 31-50 y ea rs , and 51-83 y ea rs) involving all 387 cephalogram s 

in th e  u n trea ted  sample.

In feren tia l S tatistics

In o rd e r to ch arac terize  the d ifferences between th e  initial 

and final film s, a paired  T - te s t  was used  (H^: = 0 ). The p u rpose

of th is  pairing  was to reduce the effect of su b jec t-to -su b jec t v a r i

ab ility . This would in essence p re se rv e  the indication of invid idual 

change by m easuring the  in itial film and the final film with time as 

the treatm ent. The foUowing paired  T - te s ts  were calculated;

1. Paired T - te s t  fo r the  en tire  group (pooled) of u n tre a ted  
individuals from in itia l to final.

2. Paired T - te s t  fo r th e  males only.

3. Paired T - te s t  fo r th e  females only.

4. Paired T - te s t fo r spans s ta r tin g  at 25 years and beyond.
This was done to exclude aU spans whose initial fUms feU
below 25 years of age to determ ine w hether change was 
significant if the  in itial age was 25 years  of age or
g rea te r .

5. Paired T - te s t  fo r spans s ta r tin g  at 30 years of age.

6. Paired  T - te s t fo r spans s ta r tin g  at 35 years of age.

7. Paired T - te s t fo r spans s ta r tin g  at 40 years of age.
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8. Paired T - te s t fo r  the  tre a te d  sample. In o rd e r to d e te r
mine w hether change was o ccu rrin g  in the  tre a ted  
g ro u p , paired observations were te s ted .

9. Paired T - te s t serious den ta l problem s. This was done to 
determ ine if the  individuals in th is group were changing 
th rough  tin e .

Also, in o rd e r  to determ ine w hether th e re  were significant

differences among sam ples, the  means of the  various g roups were
2 2te s ted  by way of a two sample T - te s ts  (H^: (T  ^ = O '^  )• V ari

ances were not assum ed to be equal. The following c o n tra s ts  were 

perform ed using  the in itial and final films :

1. Two sample T - te s t:  male v e rsu s  female.

2. Two sample T - te s t:  u n tre a ted  v ersu s  tre a ted .

3. Two sample T - te s t:  u n tre a te d  v e rsu s  serious dental
prob lem s.

Significance levels p re se n te d  wül be 0.05, 0.01 and 0.001 as 

*, ** and ***. Since the significance level is exactly  the p robab il

ity of re jecting  when it is t ru e ,  it is left to the read er to d e te r

mine if a type 1 e r ro r  (re jec tin g  when it is tru e )  o r a type 11 

e r ro r  (accep ting  when it is fa lse ) has the  worse consequence. 

For all p ractica l pu rposes in the p re sen t s tu d y  it is the a u th o r 's  

opinion th a t a type 11 e r ro r  has the worse consequence and a 

significance level of 0.05 is more than  ad eq u a te .

E rro r S tudies

Two e r ro r  stud ies w ere conducted to determ ine the  accuracy  

of the  technique. Even though  all cephalom etric technique is p r e 

cisely standard ized  in th e  Bolton S tu d y , in o rd e r to determ ine 

w hether o r not any spu rious magnification was being induced  by the
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equipm ent (th e  m achinery had  been moved when the new dental 

build ing was co n s tru c ted ) a num ber of d ry  sku lls , which were p a r t  

of the  Todd-Hamman collection th a t been rad iographed  in the  

th ir tie s  fo r various rea so n s , w ere re -rad io g rap h ed  using  th e  same 

machine calibrations. As these  d ry  skuUs would not be "grow ing" 

between the 1930's and  the  p re se n t, the radiographic images also 

would not be altered  unless spurious magnification was induced by 

the equipm ent. Indeed th e  images w ere coincident and no fu r th e r  

re g a rd  was given th e  precision of the  technique in reg a rd  to time 

of measurem ent (equ ipm ent).

In o rd e r to assess the level of trac in g  and m easurem ent 

accuracy , 10% of the series was selected random ly, and th e  in itia l 

and final x -ray s  were re tra c ed  and rem easured. A coefficient of 

h n ear correlation (Pearsonian  r )  was calculated betw een th e  f ir s t

and second determ ination of the  dim ensions. This correlation was
2

sq uared  to form r  as a m easure of the proportion of variance 

"explained" by the o th e r and as a m easure of the s tre n g th  of the  

linear relationship . The re su lts  of these  te s ts  are p re sen ted  in 

tab u la r form with the calculations (A ppendix A).

I t  should also be noted th a t certa in  o th er te s ts  fo r e r ro r  

were accomphshed ind irec tly  as the re su lts  were consisten t re g a rd 

less of w hether the final x - ra y s  were g a th ered  by  the  au th o r o r 

o th e rs , and were p re se n t reg a rd le ss  of the y ear of final reco rd  

g a th e rin g . While e r ro r  su re ly  ex ists  within cephalom etrics, the  

re su lts  of the p re se n t s tu d y  appear to be biologic in n a tu re  to an 

approximation th a t cephalom etrics can d iscern .



CHAPTER III 

RESULTS

Sample

The resu lts  of th e  recall program  are  g iven in F igures 12 

and 13. The response from this group of people was quite dramatic 

and indeed en th u sias tic , even though most have had  no contact with 

th e  Bolton Study fo r over 30 y ea rs . Since 92% of the individuals 

who responded  were willing to undergo exam inations, an adequate 

sample was achieved. The 29 still aw aiting exam inations at the time 

of th is  w riting  have been a rran g ed  fo r ou tside the  Cleveland area; 

none are awaiting exams at the Bolton S tu d y . Since it could not be 

determ ined if and when the d is tan t exam inations would occur, 

analyses of the p re sen t sample p receded . F igu re  13 p re sen ts  sizes 

obtained for the various samples and charac terizes  the  u n trea ted  

sample as a g ro u p .

The examinations and records in ex istence (on füe) resu lted  

in cephalom etric m aterial for 160 individuals (3 people p re fe red  not 

to have x -ra y s  taken and thus had no fina l reco rd  sa tisfy ing  the 

c r ite r ia  and  th erefo re  were placed in th e  "unuseable sets of 

re c o rd s" ) . The records available fo r each indiv idual are given in 

F igu re  14. A fter scru tin iz ing  the films available fo r s tu d y , 7 

additional cases were d iscarded  leaving a total of 153 individuals 

with 524 cephalogram s. The age d istrib u tio n  of these  la te ra l ceph-

102
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SAMPLE SELECTION

5 8 7 7  TOTAL BOLTON STUDY POPULATION

1 60 5  PEOPLE WITH RECORDS AT 16 YEARS OR OLDER

9 3 4  PEOPLE WITH RECORDS AT 17 YEARS OR OLDER

7 0 0  TARGET SAMPLE -  POSSIBLE UNTREATED, LIVING PEOPLE

2 1 4  PEOPLE LOCATED TO A BEST APPROXIMATION AND SENT LETTERS

SAMPLE RESPONSES

107 RESPONDED (78%)

9 REPORTED AS DECEASED (4%)

142 WILLING TO BE EXAMINED (92%)

113 WERE EXAMINED

2 9  AWAITING EXAMINATION

Figure  12. Sample selection re su lts  and 
th e  responses obtained from the ta rg e t sample.
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SAMPLES AVAILABLE

( 1 6 3  TOTAL SETS OF RECORDS)

UNTREATED

FROM EXAMINATIONS 7 9
RECORDS IN EXISTENCE 3 4

TREATED

FROM EXAMINATIONS 
RECORDS IN EXISTENCE

MAJOR DENTAL PROBLEMS

FROM EXAMINATIONS 
RECORDS IN EXI STENCE

UNUSEABLE SETS OF RECORDS 

FROM EXAMINATIONS

13
I S

28

1 1 
1

12

( 5 2 4  TOTAL CEPHALOGRAMS)

( 3 8 7  CEPHALOGRAMS)

( 1 0 1  CEPHALOGRAMS)

( 3 8  CEPHALOGRAMS)

SAMPLE CHARACTERISTICS

MALE AND FEMALE 

EUROPEAN ANCESTRY 

EDUCATED

HEALTHY (GENERALLY AND DENTALLY) 

ORTHODONTIC ALL Y UNTREATED 

SERIAL,  MIXED LONGITUDINAL 

INITIAL AGE 3  17 YEARS 

FINAL AGE 3  25  YEARS

VARIABLE AGE SPANS (MINIMUM 5 YEARS)  

2 - 9  CEPHALOGRAMS PER INDIVIDUAL

Figure 13. Sample sizes and the  c h a r
ac te ristics  of the u n tre a te d  sample.
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alograms is given in F igure  15. The u n tre a te d  portion of the  to tal 

sample was selected fo r in -d e p th  analysis (113 in d iv id u als), and  the  

age d istribu tion  of th is  g roup  is summarized in F igure 16.

Examinations

Height and  w eight change determ inations were compiled 

u sin g  all sub jects w here such information was available. This is 

p re se n ted  in Tables IV-VI. Health inform ation fo r the  p re se n t 

samples was judged as good. The re su lts  of the health  assessm ents 

are  compiled in A ppendix E . In re g a rd  to the  dental examination 

the  num ber of m issing te e th , excluding the  th ird  m olars, was calcu

lated  to have a mean value of 0 .4  for an average age of 46.4 y e a rs . 

The resu lts  of the  tem porom andibular examination are  review ed in 

the  D iscussion .

Superim position

Examples of re p re se n ta tiv e  changes noted by the p rocess  of 

superim position are  given in F igu res 17-44. I t  should be noted  th a t 

to remove o p era to r in fluence, the trac in g s  and illu stra tio n s  were 

perform ed by  an unb iased  a r t is t  familiar with cephalom etrics (William 

H. Golden). O verlay diazo rep roductions w ere made from his t r a c 

ings and superim posed by re g is te r in g  on Sella and o rien tin g  along 

Sella-N asion. This method of superim position was chosen on the  

basis of convenience. It should  also be noted  th a t if no grow th
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TABLE IV

HEIGHT CHANGE INVOLVING AGE SPANS WHICH 
BEGIN BELOW 20 YEARS OF AGE

HEIGHT CH A NGE f e m a l e  ( c m . )  - y o u n g  i n i t i a l  a g e

m e a n
a g e

MEAN
HEIGHT

SD
HEIGHT

MEAN
DELTA

DELTA
SD P R O S . N

FINAL 5 0 . 9 1 6 3 . 6 5 . 9
.2 1 .4 . 4 0 3 2 5

i n i t i a l 1 7 , 3 1 6 3 . 4 6 . 0

HEIGHT CH A N G E m a l e  ( c m . > -  y o u n g  i n i t i a l  a g e

MEAN
AGE

MEAN
HEIGHT

SD
HEIGHT

MEAN
DELTA

DELTA
SD P R O S . N

FINAL 4 7 . 1 1 7 8 . 3 6 . 3
1.8 3 . 2 . 0 0 0 5 4

INITIAL 1 7 . 3 1 7 6 . 5 6 . 9
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TABLE V

HEIGHT CHANGE FOR AGE SPANS STARTING 
AT 20 YEARS AND ABOVE

HEIGHT CHANGE f e m a l e  ( c m . )  - o l d e r  i n i t i a l  a g e

MEAN
AGE

MEAN
HEIGHT

S D
HEIGHT

MEAN
DELTA

DELTA
SD P R O S . N

FINAL 5 7 . 0 1 6 5 . 5 4 . 8
- . 9 1 6 . 1 5 7 8

INITIAL 2 0 . 8 1 6 6 . 4 5 . 7

HEIGHT CHANGE m a l e  ( c m . )  - o l d e r  i n i t i a l  a g e

MEAN
AGE

MEAN
HEIGHT

SD
HEIGHT

MEAN
DELTA

DELTA
SD P R O S . N

FINAL 5 3 . 5 1 7 9 . 5 7 . 6
.8 2 0 . 0 8 0 2 1

INITIAL 2 3 . 0 1 7 8 . 7 7 . 9
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TABLE VI

WEIGHT CHANGE FROM YOUNG ADULTHOOD 
TO MIDDLE AGE

W EIGHT CHANGE FEM ALE ( l b s . )

MEAN
AGE

MEAN
WEIGHT

SD
WEIGHT

MEAN
DELTA

DELTA
SD P R O B . N

FINAL 5 0 . 9 1 5 0 . 5 2 2 . 4
1 9 . 4 2 6 . 1 . 0 0 1 2 5

INITIAL 1 7 . 3 1 3 1 . 1 1 4 . 9

W EIGHT CH A N G E m a l e  u b s . )

MEAN
AGE

MEAN
WEIGHT

SD
WEIGHT

MEAN
DELTA

DELTA
SD P R O B . N

FINAL 4 7 . 1 1 7 7 . 8 2 8 . 7
2 9 . 5 2 7 . 2 . 0 0 0 5 4

INITIAL 1 7 . 3 1 4 8 . 3 2 2 . 7
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o ccu rred , superim position methods in the adu lt would be a moot 

po in t, how ever, as change was ev ident some m anner of technique 

had  to be decided on. F u r th e r , m agnification data is p re sen ted  

with each illu stra tio n . Beyond th a t ,  each illu stra tion  was reduced  

to 74% of orig inal to comply with format spec ifica tions. In  all t r a c 

ings th e  broken  hne indicates the value of the  youngest tra c in g , 

and the solid hne specifies th e  oldest age s tu d ied .

M easurements

For convenience all calculated descrip tiv e  and in fe ren tia l 

s ta tis tic s  are  p resen ted  in the  beginning  of Volume II, A ppendix A. 

This was done to reduce the  bulk of the re p o rt and fo r the  con

venience of the  read e r in viewing the calculations d u rin g  the  d is 

cussion .





CHAPTER IV

DISCUSSION

Sample

The sample included in th is s tudy  is a subsam ple of the 

Bolton S tudy population. Indeed , the  original population was not 

selected randomly and th u s  the p re se n t s tudy  does not re p re se n t a 

random selection of people from N ortheast Ohio. This may be 

beneficial in term s of applying these re su lts  to the  p re se n t day , as 

seen below. The original population in general was charac terized  as 

of E uropean, Sicilian or Negro an ces try , and from economically 

advantaged  families (th is  was a re su lt; not in te n d ed --see  Appendix 

B ). F u r th e r , in conjunction with and sometimes because of th e ir 

partic ipation  in the  B olton-B rush s tu d ie s , these people enjoyed good 

childhood h ea lth , had  access to good health  c a re , had  access to 

good dental ca re , yearly  exams screened  for health  problem s which 

were immediately a ttended  to, and had  good n u tritio n . These 

people also had access to good education. For th e  most p a r t  in the 

1930's these  advantages were available only to the u p p e r socio

economic s tra ta . A random selection of people in  the 1930's would 

have included some tru ly  d isadvantaged  people. T hat th e  p re se n t 

s tu d y  is biased with those "advantaged" in th e ir  y ou th , is im port

an t in term s of applying these  re su lts  to today 's  ch ildren  and 

ad u lts , because the advantages available to a majority of the

178
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original population are  those now enjoyed by the  majority of the 

population in general: access to health  care , education, dental

ca re , good n u tritio n , e tc .

The p re se n t sample may be charac terized  as Caucasian of 

European a n c es try , in good general h ea lth , and dental h ea lth , and 

people who are  generally  economically advan taged . A varie ty  of 

vocations are  rep re sen ted  with a tendency toward the professions 

(m edicine, d e n tis try , law ), management level positions o r above, 

civic leaders and politicians.

Most of these  people reside  in th e  Cleveland area . In a 

su rp ris in g  num ber of cases th e ir  p a ren ts  are still alive (and in 

those instances many of the  p a ren ts  are  still a t the same re s i

dence). If the people did not reside  in C leveland, they  tended  to 

live in New England (p e rh ap s  due to schooling), elsew here in Ohio, 

the fa r  west coast, and Florida (possib ly  re la ted  to re tirem en t). 

Residence d istrib u tio n s  are shown in F igure  45.

The health  of the individuals was good, with no active 

diseases of bone noted (P a g e t 's , e tc . ) .  M ortality ra te s  were gen 

erally  low for the  p re se n t group in reg a rd  to life expectancy . Most 

born  in th e  1930's had  a life expectancy of about 62 years of age 

(F ig u re  46). The sample was generally  more "alive" than  expected . 

The la rg e s t cause of death  was self-inflic tion , p erhaps due to a 

sample b iased tow ard the p rofessions w here suicide ra tes  tend  to be 

h ig h e r. Notably absen t from m orbidity and  m ortality reco rd s is a 

low ra te  of card iovascu lar and cancer problem s. However, as th is
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Figure 45. Residence d istribu tion  of resp o n d 
en ts  .
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is a limited su rvey  of the orig inal population, fu r th e r  s tu d y  is 

w arran ted  in reg a rd  to the health  of the  population in genera l. Of 

p a rticu la r  in te re s t, fu r th e r ,  is the amount of radiation received 

and its  effect on h e a lth . A lthough limited in n a tu r e , th is s tudy  

su sp ec ts  th a t health  consequences were induced by the  d iag

nostic levels of rad iation th a t had  been received.

The enthusiasm  of the sample population in term s of r e tu rn 

ing th e  questionnaire  and s ittin g  for the examination was a p leasant 

su rp r ise . Many ex p ressed  a feeling of responsib ility  to re tu rn , 

su rp r ise  at not being recalled p rev iously , and several rep o rted  "My 

p a ren ts  (s tü l ahve) made me come". The people apparen tly  had 

good feelings about the  previous s tu d y . V ery few ex p ressed  rad ia 

tion concerns; most p re fe rre d  no t to have dental im pressions.

The dental health  of the p a rtic ip an ts  was good with only 

two cases involving complete d e n tu re s , two cases of a single den

tu re , and one active case of periodontal disease (u n d e r c a re ) . The 

num ber of m issing tee th  was low (F igu re  47) according to the 

National Health S u rv ey , and in those cases p ro sth e tic  replacem ent 

was h igh . Most were receiv ing  reg u la r den tal ca re , b u t most of the 

resto ra tio n s  w ere "old" by p a tien t re p o rt. The gold resto ra tions 

were in good condition, b u t the amalgams generally  were no t. The 

amount of active dental disease (den ta l and gingival) was inconse

quen tia l. T hat ex trac tions were few is in co n tras t to the stud ies  of 

T allgren  (1975), and Hummerfelt and Slagsvold (1973). In addition , 

even fo r those with a few m issing tee th  th e  vertica l dimensions of
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the face should not be influenced (B jork , 1947; F o rsb erg , 1976). 

Periodontal problems can cause tooth m igration (A therton  and K err, 

1963; Glickman, 1972; Goldman and Cohen, 1973) which could re su lt 

in an e r ro r  in assessin g  vertica l dimensions. While th is  was judged 

not a problem in the  one individual case, the  case was deleted , as 

were all cases dem onstrating a loss of more than  th ree  p o ste rio r 

te e th .

The decision to only include orthodonticaU y u n tre a ted  

individuals fo r the  main analysis does not imply th a t ra th e r  severe  

mailocclusions are  th u s  eliminated (as the  bad ones were tre a ted  and 

the relatively  good ones were n o t) . In the 1930's the decision to 

tre a t  or not was based  largely  on sex (females need orthodontics 

more than m ales), the  ability to a ffo rd , and desire  fo r com prehen

sive trea tm en t (many could not and many did no t wish i t ) . Al

though  including  tre a ted  cases should p re sen t no problems for the  

p re se n t s tu d y  (F o rsb e rg , 1976), tre a ted  cases were not included in 

the main sample so as to exclude the variance induced by possible 

re lapse  in compilation of the data.

The la rg e s t problem with the sample was one of logistics; 

d iffe ren t s ta r tin g  ag es , spans and final ages. This made s ta tis tica l 

trea tm en t d ifficu lt.

Technique

The cephalom etric technique used  in th is  study  should be 

deemed less of a problem than in any prev ious s tu d y . Technically 

the same equipm ent used  originally  was used  in the  p re se n t s tu d y . 

Previous x -ray  m agnification is known and the p rocedures are all
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s tan d ard ized . Precision was an obsession in the early  study  as well 

as in the p re se n t recall s tu d y . Spurious enlargem ents and m easure

m ent reliabilities were te s te d  for and deemed not generally  a p ro b 

lem. Some of th e  people involved in the s tu d y  were also available 

for consultation to in su re  standard ization  of technique. No time of 

m easurem ent e ffec t, in reg a rd  to the ap p a ra tu s , was indicated . 

R esu lts were consisten t reg ard less  of the y ea r of examination (F ig 

u re  48) o r the  place of exam ination.

A lack of a headholder is somewhat critical in th is reg a rd .

A th re e  p er cen t e r ro r , which is easily imaginable w ithout a h ead 

ho lder (determ ined by assessing  the range  of ML distances h ere : 

about 4 .4  cm), could in flic t serious problems where small amounts of 

change are likely. D eterm ining ap p rop ria teness  of co rrec t head

position on the  basis of anatomic superim position (Is ra e l, 1973) 

denies the possibü ity  of asymmetry which indeed does ex ist (White, 

1982). When p a tien t positioning e r ro r  is confounded with im precise 

magnification values (due  to lack of a headholder; easily a 1-2% 

e r r o r ) ,  landm ark location e r ro r ,  and m easurem ent e r ro r ,  values 

derived  are a p t to be d is to rted , perhaps system atically . While a

dem onstration of d ifferen tia l change (Is ra e l, 1977) does imply co r

rec tn ess  of technique as opposed to simple technically-induced  

m agnification, i t  cannot be considered proof. D istortions induced 

may be symmetrical or assym m etrical. What would have been con

s id e red  more effective would have been dem onstration of negative 

deltas as well as vary ing  positive increm ents of change.
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Film series th a t were d iscarded  from the p re sen t work 

because of obvious im proper cephalom etric technique (focusing  rin g s  

substan tia lly  out of focus) speak also to th is poin t. In these 

cases, while viewing the image fo r asym m etry, not much was d is 

cern ed , however non-m idline derived  v a lues, produced  a somewhat 

d is to rted  image of change d iffe ren t from th a t seen on prev ious 

co rrec tly  produced  cephalogram s in the s e r ie s .

In essence, though th e  work of Israel may be based  on

biological e ffec t, the in te rp re ta tio n  is limited by technical d ifficu l

ties .

H eight

The possibü ity  of variab le he igh t changes was to be ex 

pected  on the  basis of the h te ra tu re  in th a t  such grow th increases 

have been noted  into the 30's and beyond, supposedly by continued 

apposition on the  a r tic u la r  su rfaces of the  long bones (P fe iffe r, 

1980; B uchi, 1950), changes in the  v e rte b ra l column (A lbrook,

1956; E rikson , 1976, 1978; Is ra e l, 1973), skull grow th (Is ra e l,

1973), and a gain in fa t on the  scalp and p lan ta r su rfaces of the 

feet (G arn , 1981). Likewise decreases could occur on the basis of 

com pression of the in te rv e rté b ra l d isk s. Indeed , variab le heigh t 

increases and decreases were reco rded  from early  adulthood to la te r 

adu lthood .

In examining the heigh t change in all individuals w here

such data were p re se n t, two samples w ere co n stru c ted ; one fo r 

whom the in itial age was 17-18 and an o th er whose initial age was
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older (approxim ately 20 y ears  in females and 23 fo r m ales). Females 

showed little  change in h e ig h t, with only a tendency  fo r early  gain 

and la te r  loss. For the m ales, at younger initial ages, it was seen 

th a t significant heigh t increases w ere o ccu rrin g , b u t beyond 23 

y ears  of age the probability  for he igh t increases had  diminished 

although a tendency rem ained. As ind iv iduals, how ever, i t  was 

clear th a t significant increases and decreases could occur to su b 

stan tia lly  affect height beyond 17 years of age (F igures 49-50).

A positive increase in the h e ig h t of the  v e r te b ra  (re p o rte d  

in la te r  sections) would lead one to surm ise th a t the s ta tu ra l conse

quence of aging is a net effect mainly involving v e r te b ra l elongation 

and disk compression due to such facto rs as weight changes and 

physical ac tiv ity . A cu rso ry  examination of the p a rtic ip an ts  anec

dotally tend  to bear th is o u t, as ru n n e rs  (2 were m arathon ru n 

n e rs )  were considerably  sh o rte r  at recall whüe those leading a 

sed en ta ry  life were shgh tly  ta lle r. P art of the n e t effect may also 

involve the effects of physical activ ity  and occupation on the  long 

bones. Prives (1960) and  B usk irk  e t al. (1956) found long bones 

to become longer in re g a rd  to increased  physical w ork. Skull 

grow th and fa t deposits also obviously play a role in changes in 

s ta tu r e .

Weight

For aU individuals in whom w eight changes were known a 

ra th e r  su b stan tia l consisten t weight gain was reco rded  from young 

adulthood to middle age. The exceptions to the  consis ten t gain of
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w eight involved mainly females where the effects of diet control are 

likely involved. A v ery  few individuals would have been considered 

obese (F igu re  51).

In the  p re se n t s tudy  an increase  in weight th rough  time is 

consis ten t with the  find ings of Susanne (1978) and may have a 

b earin g  on heigh t and on v e rteb ra l morphology changes. It is 

fa irly  easy to assume th a t an increased  load on the v e rteb ra l column 

due to an uneven d istribu tion  of w eight, along with a decrease in 

muscle ton icity , m ight induce a change in the cephalic-caudal dimen

sions of the v e rte b rae  in o rd e r to s tru c tu ra lly  compensate for the  

w eight and a "spread ing" in te rv e rté b ra l d isk .

Angle Classification

The Angle classification of the u n trea ted  sample is p re se n t

ed in F igure 52. A range of malocclusions was p re se n t, although 

the v a s t m ajority are Class I. I t  should be noted th a t Class II 

classification includes Class II subdivision cases. Class II division 1 

and division 2 c a s e s .

T .M .J . Examinations

In th is  p re se n t sample, a su rp ris in g  finding  involved the  

general lack of significant T .M .J . symptoms. In only two cases 

(u n tre a te d )  were active symptoms involved (reciprocal chcks with 

myofacial p a in ). A few people re la ted  some p a s t d is tre ss  which 

apparen tly  had  spontaneously d isappeared . In ano ther case ( s e r i

ous dental sample—u p p er d en tu re , lower p a r tia l) ,  the p a tien t was
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ANGLE CLASSIFICATION 

UNTREATED
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Figure 52. Angle classification for the u n tre a t
ed sample.
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obviously su fferin g  from T.M. J . symptoms (c re p itu s , myofacial 

pain . Limited open in g ), and was obviously in need of a new p ro s 

thesis  (p a tien t in Class 111 occlusion). A few o ther p artic ip an ts  

exh ib ited  some clicking ran g in g  from v ery  minor to extrem ely loud, 

b u t these  conditions were in no way deb ilita ting  (F igure 53).

In all, only 4% of the sample showed any evidence of 

T .M .J . symptoms. None of the people exhib ited  " tex t book normal" 

occlusions and in te rfe ren ces  were consisten tly  no ted . In addition 

malocclusions (easily  ju stified  as needing trea tm en t) were p re se n t in 

nearly  all c a se s . Some were very  severe  involving skeletal and 

den tal fac to rs  which would be considered  undesireab le  from an 

occlusion s tandpo in t. Few could remember any p a s t "occlusal ad ju s t

ment" . In the cases where symptoms w ere p re se n t v e rsu s  cases 

which had no symptoms, it was impossible to u n d e rs tan d  how the 

occlusions were con tribu to ry  or n o n -co n trib u to ry  to TMJ symptoms, 

excep t in the one case w here no stable n a tu ra l o r  artificial occlusion 

ex isted  ( tre a te d  sample).

I t  may be th u s  apprecia ted  th a t app aren tly  the  condyle has 

a rem arkable ability to adap t to the most deleterious occlusion if 

given time. Also, th is  group as young adu lts  would have been 

tre a te d  with various occlusal trea tm en ts , as judged by th e ir  young 

adu lt models, m  t ^  name of p rev en tin g  fu tu re  p rob lem s, it is 

in te re s tin g  to note they  did not have the trea tm en t and they did 

not get the  problem s. This would speak fo r less done in the  name
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of p rophylactic  p revention  on the basis of prediction of prob lem s, 

and more for tre a tin g  symptoms only as they  ex ist.

The lack of T .M .J. problems in the  u n trea ted  sample in no 

way implies th a t tre a ted  cases are  those which develop T .M .J . 

symptoms. This was not s tud ied  and should not be in fe rred . On 

the c o n tra ry , of th e  13 tre a te d  cases exam ined, two had  T .M .J . 

symptoms (successfu lly  tre a te d ) .

T h ird  Molar S tatus

A pparently  the s tan d a rd  of trea tm en t reg ard in g  th ird  molars 

in the 30's and 40's was much d ifferen t than the s tan d a rd  today. 

O ften , im pacted th ird  molars were variab ly  ex tra c te d , left im pacted, 

un ila tera lly  ex trac ted  leaving two im pacted, e tc . Since th e re  are 

commercially available schemes (Rocky Mountain Data System s) for 

determ inating  w hether th ird  molars should be enucleated very  early  

(p reado lescence) which are  most likely based on p red ic tin g  the 

space available for th ird  molars a t say age 18, it becomes in c reas

ingly  im portant to u n d e rs tan d  what adult craniofacial changes may 

o ccu r. If the adult continues to "grow" as in adolescence, space 

m ight become available fo r erup tion  of the th ird  molars at ages 

beyond 18. With continued deposition on the p o ste rio r aspects  of 

the  maxRla and reso rp tion  of the an te rio r b o rd er of the ram us, 

tooth erup tion  m ight proceed. In some cases in the p re sen t s tu d y , 

th is  appears to have been the actual s ituation . Also, anecdotal 

re p o rts  by  the p a rtic ip an ts  re la te  th ird  molar erup tions in the 

th ir tie s  and fo r t ie s .
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However, it was also found th a t im pacted th ird  molars can 

become "more" impacted o r e ru p ted  out of bone totally  (b u t still 

subm ucosal). In view of th ese  conflicting end re su lts  and consider

ing  continued adult change, the question of th ird  molar impactions 

and erup tions d u rin g  adulthood wül be scru tin ized  (a t a la te r  time) 

more in tensely  to in v estig a te  if determ inents of the  conditions fo r 

favorable erup tion  can be d iscerned . Suffice it to say th ird  molar 

prediction  schemes are by ignorance p resen tly  incomplete and 

should be viewed as a "guess" for a cost.

Gross Anatomic Changes

A few g ross anatomic changes were ev iden t. Continued 

enlargem ent of the paranasa l sinuses o ccu rred  with age. The 

fro n ta l s inus was obviously en larged  and observed  to be located 

more an terio rly ; remodeling in conjunction with the facial changes. 

The maxillary sinus was clearly  en larged  and pneum atization n ea r 

Basion also o ccu rred . S u tu re  obliterations were common. F u r th e r , 

sphenoid b rid g in g  and p itu ita ry  calcification occu rred  as did calcifi

cation of the falx ce reb ri. None of these  conditions were seen 

generally  except for the sinus en largem en ts .

F ron tal Cephalogram

Although not assessed  quan tita tive ly  in th is  s tu d y , obvious 

changes o ccu rred  with age. These changes include fro n ta l sinus 

enlargem ent, obliteration of the rad iographic  image of the  su tu re s .
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a th inn ing  of th e  p arie ta l bones, and occasional calcification of the 

falx c e reb ri. This also speaks of adu lt change as both an in te rn a l 

and ex te rn a l osseous alteration  (F ig u re  54).

Faces

In th is  g ro u p , faces were fairly  ch arac te ris tic  for the  

conventional descrip tions of the aging effec ts . Various descrip tions 

given by Baselevich (1958), Wissler (1927), Hooten and D upertu is 

(1951), S toudt e t al. (1970), Damon et al. (1972), Parot (1961), 

and Howells (1970) were noted as applying in vary in g  degrees to 

the  p re se n t s tu d y . Faces were also compared to previous photo

g raphs (which ex isted  in small n u m b ers). The faces appeared  

somewhat la rg e r  with increased  size especially noted  fo r the nose 

and e a rs . Size increases were ap p aren t for ear le n g th , ea r 

b re a d th , and th icken ing  of the lobe. The nose appeared  more 

b road , longer and with a more down tu rn e d  tip . In o lder p a rtic i

pan ts  the eyes appeared  sunken  with drooping bags and deep 

su p rao rb ita l c re a se s . The eyelids occasionally dem onstrated arcus 

senilis (lip id  deposition) and reduced  th ickness.

The eyebrow s had become th inned  with g rey  h a ir predom 

in a tin g , and the ha ir had lost its  sheen and velvet ch a rac te r to 

become more co arse-ap p earin g . The h a ir  on the head was dim inish

ed in d e n s ity , and what ex isted  was at the least patched  in g r e y .

The skin was notably more w rinkled . I rre g u la r  horizontal 

lines were seen on the  forehead ; rad ia tin g  "crows feet" a t the
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Figure 54. Enlargem ent of the  fro n ta l sinus 
on a selected case as seen on the p o s te rio r-an te rio r 
cephalogram . Solid line = 17 y ea rs ; dashed line = 21 
y ea rs ; do tted  line = 36 y ea rs ; d ash -do t line = 52 
y e a r s .
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la te ra l co rners of the  eyes ; vertica l creases had  developed between 

the eyebrow s; and deepening nasolabial grooves were seen ex ten d 

ing from the sides of the nose p ast the  co rn ers  of th e  mouth down 

tow ard the ch in . The hps showed an occasional v ertica l w rinkle as 

did the  sides of the face as "jowls" developed on e ith e r side of the 

jaw s. In the neck both  circum ferential and longitudinal w rinkhng 

o ccu rred . As age p roceeded , w rinkles among th e  o ldest individuals 

seemed to coalesce to give the  skin the  appearance of a patchw ork 

of crum pled p ap er. However, in sp ite  of the changes of aging so 

visib ly  seen, a c la rity  of tho u g h t was also ap p aren t (F igures 

55-56).

Q uantification of A dult Growth

The num bers in p a ren th esis  following statem ents re fe r  to 

calculation num bers as shown in Appendix A . Unless otherw ise 

noted all m easures are  based on the "u n trea ted  sam ple".

With th e  n a tu ra lly  o ccu rrin g  biological changes apparen tly  

o ccu rring  th roughou t the body , and with the ability of the u n n a t

urally  occu rrin g  biological change mechanisms in tact (o rthodon tics, 

acrom egaly), it is p e rh ap s  illogical to su g g est th a t the  craniofacial 

complex with its  elaborate system  fo r sensation of environm ental 

change would be in a complete s ta te  of dormancy and non-adaptation  

th roughou t the post-ado lescen t ages. I t  is th u s  expected  th a t skull 

dimensions would be a lte red  in some way d u rin g  post-ado lescen t 

aging in sp ite  of th o u g h ts  to the co n tra ry  and in sp ite  of the 

biases p re sen t in the lite ra tu re  which indicate little  o r  no re leven t 

ch an g e .
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F igure 55B. Female faces. From top left 
clockwise includes ages 60, 14, 11, and 6 y ea rs .
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F ig u re  55B
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F igure 55C. Female faces with similar views 
taken  a t age 57 and age 4. In spite of 54 year span 
th e  head p o s tu re  and facial expression  a re  s trik ing ly  
similar desp ite  trem endous facial change.
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F igu re 55C
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Figure 56A. Male faces. From young a d u lt
hood to age 65.
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F igu re  56A
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Figure 56B. Male faces. Top row from le ft, 
approxim ate ages 50, 60, 70. Bottom row from le f t, 
ages 64 and 42.
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F igu re  56B
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Presence or Absence of Craniofacial Change

In o rd er to evaluate the data overall, because of the m ulti

plicity of s ta r tin g  ages, age spans of d ifferen t len g th s, variable 

final ages, and variable avaüabüity  of interm ediate exams, it is 

p e rh ap s  b est to consider the  period of adulthood with a series of 

questions in re g a rd  to the possib ility  of gain v e rsu s  no gain fo r 

each period . This d iscussion involves the u n tre a ted  sample.

Growth a f te r  17?

Considering only the  f ir s t  139 calculated values, and con

sidering  the values calculated for initial films (age equals 17 or

g re a te r)  and final films (age equals 25 or g re a te r ) ,  it is v irtually

impossible to deny the ex istence of adult enlargem ent (N=113).

Some 64 of the possible 70 distance m easures are  en larged  sign ifi

cantly and , in addition , 48 of the  possible 69 angu lar values have 

also become significantly  a lte re d . C onsidering only the male portion 

of the  sample (N =34), 63 of 70 distance m easures and 38 of 69 

angu lar values changed significantly  from initial to final. While 

la te-m atu ring  males may be felt to account fo r these  fin d in g s , in 

assessin g  the female population (N -3 4 ), su rp ris in g ly , 59 of 70 

distance and 40 of 69 angu lar values dem onstrated a significant

ch an g e . Two poin ts should be made in th is r e g a rd . While su re ly  

" la te -m atu rin g  males" (say  into the early  tw enties) are a fac to r in 

analysis of grow th from 17 years of age on, "la te-m aturing  female" 

ch arac te ris tics  were n ev er considered  to be a facto r p rio r  to the
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s tu d y . Growth of the female was no t suspected  beyond about 16 

years  of age, b u t the data  su g g ests  d iffe ren tly . This wül be 

commented on la te r .

A nother point to be made was th a t both d istance and angu

la r  values were changing d u rin g  th e  period of the s tu d y . This 

su g g ests  th a t both enlargem ent and shape (as well as position) 

altera tions were o ccu rrin g . In a sense "d ifferen tia l grow th" ap p ear

ed to be dem onstrated . This is p e rh ap s  co n tra ry  to the views of 

Israe l w here a simple enlargem ent of the  skeleton was su g g ested .

By n a tu re  of the definition of "growth" so often applied to 

adolescence, the definition of "grow th" thus also applies to these 

adu lt changes. However, so as to qualify  the n a tu re  of the  change 

d u rin g  the  adult period the  term "adu lt ex tensive  conformational 

adaptation" is used  to b e tte r  envision and qualify the actual n a tu re  

of the changes o ccu rrin g . This is done in sp ite  of the fact th a t 

changes appear to simulate in aspect (perhaps n o t in m agnitude), 

by  defin ition , the  "grow th" of adolescence. The composite male and 

female changes from initial to final exams are illu s tra te d  in F igures 

57-58. The amount of change in th is  age period  is considerable.

Growth a f te r  25?

In o rd e r to in v estig a te  the effect of late m aturing  ind iv id

uals on the  d a ta , the sample was reform ed sev era l times to delete 

some individuals at each s te p . In a ssessin g  the  age period  of 25 

years  and beyond , only those individuals were included who had
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Figure 57. The composite female co n stru c ted  
on the basis of calculations 1-139. Regional anatomy is 
added to the initial landm ark locations. The cen te r of 
the  open circle is the in itial landm ark location, while 
th e  cen te r of the solid dot rep re sen ts  th e  final land
m ark location . The figure  is 6% en larged  over actual 
size , b u t u n reduced  fo r format specifications. The 
read e r may m easure a "favorite" relationship  from th is  
draw ing with reasonable accuracy .
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F ig u r e  57

C O M P O S I T E  FEMALE

\
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Figure 58. The composite male co n stru c ted  on 
the  basis of calculations 1-139. D escription as in 
F igure 57.
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F ig u r e  58

C O M P O S I T E  MALE

Om



220

exams taken at 25 years of age and  older (no spans form ed using  

ages 17-24). This in essence would fairly  well delete the la te  

m aturing  individuals so as to describe "adult change" ra th e r  than  

adolescent grow th ex ten s io n s . Males and females w ere pooled 

(N=56).

In th is  s tru c tu re  of the data 60 of th e  70 d istance m easures 

and 32 of th e  69 angu lar values w ere significant. This again su g 

gests th a t adults continued to change beyond 25 years of age. 

However, it might still be argued  th a t the p resence  of some la te  

m aturing  ind iv iduals, p articu la rly  m ales, were effecting  the  re su lts ,  

although th is argum ent would be weakened.

Growth a fte r  30?

Again the sample was re s tru c tu re d  to only include those 

individuals who had spans s ta r tin g  a t 30 years  of age and beyond

(N=27). The re su lts  of the significance te s ts  would again speak

tow ard continued adu lt change. Some 56 of 70 d istance m easures 

and 28 of 69 angu lar m easures w ere significantly  changed . Late 

m aturation as an extension of adolescent grow th would not logically

be considered  a fac to r with these s p a n s .

Growth a fte r  35?

The data was again re s tru c tu re d  to in v estig a te  the age 

period of 35 years and o lder (N=10), and in th is instance 43 of 70 

d istance m easures and 19 of 69 angu lar m easures were sign ifican tly  

d iffe ren t from initial to final observations.
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Growth a f te r  40 years?

Although th is  subsample was quite small (N=4), some 22 of 

70 d istance m easures and 11 of 69 angu lar values were significantly  

d iffe ren t from initial to final. T h u s, as the  re su lt of th is te s t and 

the  p rev ious te s ts ,  it became fairly  clear th a t instead  of a concept 

of late m aturing  individuals as an extension of adolescence effecting 

the  re su lts  (su re ly  th ey  affect the  re s u l ts ) ,  ra th e r  the more co rrec t 

concept may be th a t in th e  adult period people are continually 

m atu ring . T hat is to say th a t no one is "late" b u t ra th e r  everyone 

is "continuing" to change and th a t m aturation (in a final sense) of 

ch arac te ris tic s  occurs th roughou t th e  adult period of life with some 

ch arac te ris tic s  continuing to evolve to an unclear final age, perhaps 

d e a th .

I t may be s ta ted  th a t in young ad u lts , p a rticu la rly  m ales, 

late m aturation of some of the  p a rtic ip an ts  can influence the  figures 

fo r the  to tal sample and as such w hat it term ed adult grow th might 

be delayed grow th in a few "late g row ers". This is su re ly  occur

r in g , b u t again inspection of the la te r  spans (in itial film in the 

30 's) speak to the whole of the situation . Growth changes are  

ap p aren t at all tim es. However, fu r th e r  s tu d y  at the very  old ages 

would be necessary  to comment on the  possibility  of a p lateau  effect 

of grow th or a senile degeneration as noted by Todd (1925) and 

H rdlicka (1938). At p re se n t th is la te r  concept is only suspected  

b u t no t p roven .
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Male-Female C haracteristics

The value of the p re sen t sample was quite ap p aren t du rin g  

the comparison of male-female d ifferences. Being adult in n a tu r e , 

sub tle  b u t consis ten t changes w ere noted w hich, co n tra ry  to stud ies 

of the  adolescent, were no t "confused" with trem endous q uan tita tive  

and qualitative change, m aturity  d ifferen tia ls and the  like. Also, 

in adulthood the process of androgen  y has been assum ed to be 

essentially  complete and in a sense the  sexes are  "dim orphed" (not 

a rea l w ord). The perm anent fea tu re s  which characterize  th e  bio

logical n a tu re  of male and female organism  differences a re  not 

evolving b u t have evolved to a considerable ex ten t. Because of 

these  fac to rs , a clarification of the ch arac te ris tics  of sexual d i

morphism seemed much easier to accomplish.

The value of being  male o r female was te s te d  in several 

w ays, and d istin c t dimorphic differences em erged. Although 

general indiv idual ch arac te ris tics  will be d iscussed  in la te r  sections 

a scru tin ization  of the calculations 1-139 gave evidence th a t females 

were generally  smaller than  m ales. A two-sample T - te s t was used 

to te s t  the differences between the male population 's initial and  final 

reco rds and  the female population 's initial and final reco rd s . In 

th is  way the absolute d ifferences between populations a t any period 

of the  adu lt time were te sted  fo r. In th is  te s t ,  considering  the 

f i r s t  139 values, 70 of 70 distance m easures were and 8 of 69 angu

la r values were significantly  d iffe ren t. The meaning of th is  is 

fa irly  c lear in term s of two aspects  of sexual d ifferences. At both 

the  initial and final exams males were la rg e r  than females and it
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appeared  th a t some configurational re la tionsh ips d iffered  between 

the  two sexes. Wei (1968, 1969) and Ingerslev  and Solow (1975), 

how ever, felt th a t desp ite  size no rea l d ifference in form between 

the  sexes is p re se n t. In th is re g a rd  a la rg e r face he igh t fo r medes 

has been show n, as well as a decrease in an te rio rp o ste rio r d istances 

fo r the  mandible in females (Heilman, 1927; B uchi, 1950; Thompson 

and K endrick , 1964; L ask er, 1953; W unsche, 1953; B aer, 1956; 

S arn as, 1957; T a llg ren , 1957; and many o th e rs ) .  I t  should be 

rem em bered, how ever, th a t the f ir s t  139 calculations are  based on 

distances from Sella and angu lar re lationship  to N asion-Sella. 

T h ere fo re , significance means th a t  overall d ifferences are seen and 

do not speak of d ifferences for localized regions within the face, as 

for example in the  size of the m andible. Such differences will be 

evaluated  and described  in la te r  s e c tio n s .

Also, as m entioned p rev iously , male and female subsamples 

were form ed, and  a p a ired  T - te s t  was used  to te s t  d ifferences from 

initial to final exams. In th is in stance the males or females might 

or m ight not each become la rg e r  o r smaller th ro u g h  time for a 

calculation even though  th e re  may not be a significant sex d iffe r

ence in absolute size. With these  two te s ts  it was then  possible to 

decipher ra tional re lationsh ips such as "females w ere becoming 

la rg e r  with age for a certa in  ch a rac te ris tic , w hereas males were 

n o t, b u t females were still a t all times smaller than  m ales". In th is
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re g a rd , for th e  f irs t 139 calculations, males dem onstrated sign ifi

cance fo r 63 of 70 d istance and 38 of 69 angu lar values; fo r the 

females 59 of 70 d istance m easures and  40 of 69 angu lar v a lu e s . 

T h u s, it is ap p aren t th a t both males and females are changing with 

time, b u t,  excep t fo r size , only 8 m easures indicate a possible 

configurational a lteration  (statem ent based  on th e  f ir s t  139 calcula

tions only; male v e rsu s  female com parison). T h u s , in essence two 

aspects of male-female d ifferences may be s tud ied  with th is data: 

w hether they grow and w hether they are  d iffe ren t in th e ir  absolute 

v a lu e s .

It is usually  su g g ested  th a t sexual dimorphism involves 

selective areas of the craniofacial skeleton (F ig u re  59). However, 

size may be th e  major fac to r involved in several of th ese  areas. 

Indeed size is a factor as seen in F igure  60. However, shape may 

be more indicative of the  differences betw een males and females. In 

sc ru tin iz in g  calculations 1-139, using  th is p a rticu la r  o rien ta tion , 

dimorphic angu lar fea tu res  include th e  position of the lower molar 

root ap ex , anatomic porion , the glabellar area (so ft tissu e  g labella), 

glabella, the in te rn a l aspects  of the fro n ta l bone, the area  around 

the o rb it ( su p ra o rb ita le , la te ra l rim of the  o rb it)  and th e  nose area 

(tip  of nasal b one). This is to say , according  to the  p re sen t 

analysis (calculations 1-139), females a re  really small males except 

for th e  angu lar fea tu res  no ted . I t  would be expected  th a t any 

o th er calculations involving th ese  landm arks would likely demon

s tra te  sexual dim orphism . This will be seen in d iscussion of the 

rem aining calculations, as will be additional dimorphic fea tu re s  when
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SEXUAL DIMORPHISM IN CRANIOFACIAL DEVELOPMENT

OCCIPITAL 
PROTUBERANCE 

(INION )

SUPRAORBITAL 
RIDGESfrontal

SINUS

NOSE

ZYGOMATIC
PROMINENCES
(CHEEKBONES)

MASTOlO
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OCCIPITAL
CONDYLES
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MANDIBULAR 

ANGLE (GONION)

MANDIBULAR 
SYMPHYSIS 
(POGONION)

MAST. PROC.

EXT. MAND. 
ANGLE

Figure 59. Common sexual dimorphism fea 
tu re s . Illu s tra tio n  as adap ted  from the Bolton S tudy .
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F igure  60. An overlay of male and female 
composite draw ings. B ackground anatomy is p rovided  
by  the female draw ing. Female landm ark locations are 
signified by the open dot to the solid dot. Male 
landm arks are  signified by the large  solid dots con
nected  to th e  small solid do ts. Size d ifferences be
tween the sexes are  ev iden t.



227
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localized regions are  scru tin ized . Suffice it to say , fo r now, th a t 

the major fea tu re s  d ifferen tia ting  males and females involve the 

shape of the u p p e r  facial areas and size.

The p ercen tag e  d ifference fo r size betw een males and fe 

males was calculated fo r selected m easures (Table V ll). T hese data 

su g g est th a t males a re  approxim ately 5 to 9 p e r  cent la rg e r  than 

females overall, depending  on the  m easure tak en . This is consis t

en t with the  find ings of F o rsb erg  (1976) who rep o rted  th a t males 

were 6% la rg e r , b u t th a t females and the gonial angle was 3-5% 

la rg e r  in the  female. A tendency also ex ists  fo r s ta tin g , even 

though both sexes grow d u rin g  adulthood, th a t males grow more as 

the  p ercen tag e  d ifferences become la rg e r  a t the final exam s. This 

re lationsh ip  was seen in general for all calculations tak en . Males 

were la rg e r  to begin with in adulthood, grew  m ore, and w ere la rg e r 

in la te r  adulthood.

The p rev ious section ra ised  the  possib ility  of a "late m atu r

ing female" change, and it is ap p rop ria te  to comment on th is in 

te re s tin g  possib ility  p rio r to the more in -d e p th  analysis of the 

calculations th a t follow. D uring  the trac in g  of cephalogram s and 

p repara tion  fo r d ig itiz ing , the trac in g s  were superim posed by 

re g is te r in g  on sella and o rien tin g  along se lla -n asio n . While no firm 

conclusions could be based  on th is p rocess as superim position 

o ccu rred  before m agnification of each cephalogram  was accounted 

fo r, it was possible to observe the grow th ac tiv ity  of the  located 

p o in ts , especially when m agnifications w ere known to be of a similar 

m agnitude. In th is way a general feeling fo r the rela tionsh ips 

p re se n t could be an tic ip a ted , which would be la te r  proven  or d is-
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TABLE VII

PER CENT DIFFERENCE BETWEEN MALES AND FEMALES 
FOR SELECTED MEASURES

P E R  C E N T  D I F F E R E N C E  ( MALE O V E R  F E M A L E )

M E A S U R E FINAL INITIAL

S E L L A - G N A T H I O N  ( 2 ) 8 . 6 % 7 . 8 %

S E L L A - N A S I O N  ( 4 9 ) 5 . 5 % 5 . 7 %

N A S I O N - M E N T O N  ( 2 0 1 ) 7 . 5 % 7 . 4 %

RM V E R T I C A L - A  P O I N T  ( 1 8 4 ) 6 . 4 % 6 . 0 %

PM V E R T I C A L - B  P OI NT  ( 1 8 6 ) 8 . 6 % 5 . 9 %
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p ro v e n .

This p rocedure  became very  in te re s tin g  fo r the female p a r t 

of th e  sample, especially when several films were available for a 

case (2-9 films w ere available for each individual) beyond the 

req u ired  in itia l and final. The general feeling derived  was th a t 

females changed  v e ry , very  little  in early  adulthood when viewing 

tra c in g s  fo r 17, 18, 19 and 20 years  of age, b u t la te r  in th e ir  

tw enties and  th ir tie s , females appeared  to begin to grow again. An 

example of th is  is seen in F igures 18-20. While an in -d ep th  excim- 

ination of th is  aspect of adu lt grow th was beyond the scope of the 

p re se n t ana lysis , superfic ia l sc ru tin y  of the  female health  h is to ry  

forms led to a hypothesis th a t the even ts noted in term s of a " re 

s ta rtin g "  of growth w ere at least coincidentally re la ted  to even ts of 

p reg n an cy . The woman in F igures 18-20 had children  a t 22, 24 and 

25 years of a g e .

This possible relationship  may have a biologic b a s is . When 

it is considered  th a t females become sexually adequate to bear 

ch ild ren  a t p u b e r ty , th is  condition is re la ted  to grow th ; the female 

undergoes radical hormonal and o th e r physiological changes du rin g  

p reg n an cy ; the  female body system s su p p o rt and apparen tly  induce 

the fe tus to growth a t a time in its  development when the  fe tu s  

itse lf is apparen tly  unable to fully in itia te  grow th as its  endocrine 

g lands are no t yet formed o r function ing ; if d u rin g  p regnancy  the 

female is responsive to h e r  own hormones designed to stim ulate 

grow th of the  fe tu s; then  it is p e rh ap s  no t illogical to su g g est the 

female h erse lf grows as the re su lt of h e r own p reg n an cy . Anec-



231

dotal rep o rts  of an increase in shoe size (one of the  last confining 

pieces of clothing now w orn--as shown in stud ies by H rdlicka) 

du rin g  p reg n an cy  due to w ater re ten tion  and  a tten d an t swelling of 

the feet and a fa ilu re  to re tu rn  to the  orig inal shoe size long a fte r 

p reg n an cy , are common.

While th is  aspect of female change may be an a rtifac t of the 

sample as evidenced by tre n d s  seen in the calculated mean values 

given by age fo r fem ales, and also because of the logical n a tu re  of 

the argum ent, th is m atter begs fu r th e r  c larification . A "female 

post-fertiliza tion  growth acceleration" may be possib le . No such 

tre n d  was seen for the male as the change noted  d u rin g  superim posi

tion and data manipulation suggested  a more continuous deceleration 

of grow th th ro u g h  time which n ev er finalized.

A nother aspect of male-femaleness which was ap p aren t upon 

superim position (although less so than  the above), b u t w hich, by 

n a tu re  of the sample could not be clarified in d ep th , was th a t males 

tended  to grow in the same direction du rin g  early  adulthood as they 

had grown du rin g  adolescence ("v e rtica l grow ers" grew  v ertica lly , 

"horizontal grow ers" grew ho rizon ta lly ). In th e ir  tw en ties, how

ev er, to g e th e r with the " re s ta r te d "  fem ales, all grew  vertica lly . 

That is to say individual grow th p a tte rn s  were ap p aren t in early 

adulthood, while a general grow th p a tte rn  common to both sexes 

consisting  of a more vertica l change was p re se n t in th e  older a g e s . 

This find ing  is consis ten t with the calculated da ta , b u t th e  d irec 

tion of grow th could not be p artitio n ed  according to age because of 

the sample c h a ra c te r is tic s . Numerous examples of th is  are seen in 

F igures 17-44.



232

I t should also be added th a t male-female d ifferences are 

easily  d iscerned  fo r most m easures when displayed as mean values 

by  sex and age. In viewing each sex , it should be noted th a t  a 

m ajority of the d istance calculations fo r males are  generally  la rg e s t 

in the  31-50 age ran g e . This should not be taken to mean males 

become smaller in the  la s t age g ro u p . A lthough difficult to 

analyze, some secu lar tre n d  may be affecting  the males in th is 

g roup  so as to ra ise  mean values. Included in th is age span are 

generally  the  final films of form er g rad u a te  s tu d en ts  who re p re se n t 

a generation  beyond th a t making up the  original Bolton population. 

T his fac to r does not affect the  female population.

T rea ted  Cases

Two samples were also formed besides the u n trea ted  g ro u p , 

not by d esign , b u t as the  re su lt of the  recall exam inations. If 

d u rin g  the exam ination, the  individual rep o rted  th a t com prehensive 

treatm ent had occu rred  the individuals were not included in th e  u n 

tre a te d  sample. B ecause, in addition , a num ber of adult spans 

( tre a te d )  already ex isted  on file, a sample was formed (N=28) and 

analyzed separate ly  as to adu lt change and also to te s t w hether 

m orphology, trea tm en t, o r p erh ap s  re lapse  serv ed  to d ifferen tia te  

tre a te d  cases from u n tre a ted  cases. In previous adu lt s tud ies  

tre a te d  cases had been included with u n tre a ted  ind iv iduals, so 

th ese  te s ts  were also designed to te s t  the wisdom of th is  approach .
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T he Angle C lassifications (p re sen t s ta tu s )  th a t were d e te r

mined in th is  group and the num ber of m issing tee th  are  shown in 

F igures 61 and 62. It is clear th a t the  m ajority of the  cases were 

tre a ted  nonex traction . Several o rth o d o n tis ts  (g re a te r  than  8) were 

involved in the treatm ents so techniques of treatm ent could not be 

considered the same in each case. All cases were analyzed accord

ing to examination data collected a fte r  all appliances had  been 

removed. The proportion  of males and females did not d iffe r su b 

stantially  from the u n trea ted  sample, b u t the tre a te d  group was 

younger in terms of final a g e .

Evaluation of calculations 1-139 revealed  th a t significant 

growth had  occurred  between th e  initial and final exam inations for 

60 of 70 distance m easures and 23 of 69 angu lar values. This is 

taken to mean th a t tre a ted  people also grow as do the u n tre a ted  

p eop le .

T esting  differences betw een the u n tre a ted  sample and the 

trea ted  group  by means of a two-sample T - te s t  for the initial and 

final films revealed th e re  was a significant d ifference fo r 34 of 70 

distance m easures and 51 of 69 angular m easures. This is in te r 

p re ted  as meaning th e re  is a significant d ifference betw een trea ted  

and u n tre a ted  samples. While th is  could be the re su lt of age, sex , 

and angle classification differences betw een the two sam ples, it 

ap p ears , r a th e r ,  th a t the samples consist of quite  d iffe ren t types of 

craniofacial configurations (an g u la r values d iffered sign ifican tly ). 

I t  may be th a t because of the somewhat d iffe ren t craniofacial con

figurations than th a t p re se n t in u n tre a te d  people, the " trea ted"
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people may have sought trea tm en t, a n d /o r  th a t the family d en tis t 

may have recommended trea tm en t, a n d /o r  the  o rthodon tis t may have 

recommended and carried  it ou t. T hat is to say , these people may 

re p re se n t some so rt of a "malocclusion syndrome" group which 

d esired  and received  treatm ent because th e ir  craniofacial configura

tions w ere indeed d ifferen t.

Because of the ap p aren t d ifferences exhibited  by th is  

tre a ted  g ro u p , it was not included in the  prim ary sample of u n 

tre a te d  individuals and receives fu r th e r  a tten tion  elsew here in th is  

re p o rt. A few comments as to the  n a tu re  of th is  g ro u p , how ever, 

are in o rd e r.

Some ch arac te ris tic s  of th is group include differences in the  

length  of the face ( sh o r te r)  and the h e ig h t of the  alveolus 

(g re a te r ) .  However, the prime differences seem to involve the  

m andible, being more dim unitive in size and more posterio rly  lo

cated . It is also clear th a t th is group grew , b u t the n a tu re  of the  

changes appear qu ite  d ifferen t than those in the u n tre a ted  g ro u p . 

This was p erh ap s most ev iden t d u rin g  the  superim position p roced 

u re  w here it was clear th a t several cases were re lapsing . R elaps

ing is p erhaps an in ap p ro p ria te  term , how ever, fo r it is often used  

in the  connotation of a failu re  of trea tm en t. R ather, the  situation 

appears  more to be a realization of p r io r  grow th t r e n d s . That is to 

say , the re lapsing  cases grew  "poorly" before trea tm en t, were 

tre a te d , and then  grew poorly a f te r  treatm en t du ring  adulthood.

One case en te red  the adu lt period  and then literally  grew 

into a full Class 11 malocclusion as the  maxilla grew more or less
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normally in a continuous fashion , the  teeth  displayed an te rio r 

tip p in g , th e  occlusal plane tipped  up p o ste rio rly , and the chin fell 

beh ind  as its  grow th did not pace th a t of the  m axilla. S u rprising ly  

the overb ite  did not increase with time. However, in Class 11 

division 2 cases it d id . Also, th e re  was also a tendency fo r ex 

trem ely u p rig h t u p p e r  incisors to fu r th e r  u p rig h t so th a t the  root 

apex was clearly  an te rio r to A point su g g estin g  th a t fen estra tio n  of 

the labial p late  had o ccu rred , a finding  th a t has clinical im plications.

P ost-trea tm en t development of open-b ite  was observed  in 

two cases and it appeared  th a t osseous change was no t, as ex p ect

ed , the root of the change. In th is situation it appeared  th a t an 

overdevelopm ent of the p o ste rio r aspects  of the maxilla p resen ted  

in itia lly , b u t excessive adult development did not then  occur in th is 

reg ion . R a th e r, an te rio r and p o ste rio r extrem e eruption  of teeth  

was observed  in conjunction with considerable grow th of the  m andi

ble in a v ertica l d irection . An in -d ep th  analysis of the long term 

grow th of tre a te d  individuals as compared to u n tre a te d  individuals 

wül comprise a sep ara te  s tu d y  (especially  a Class 11 comparison of 

u n tre a ted  and tre a ted  ind iv iduals). However, the significance 

te s tin g  is p resen ted  fo r all calculations (A ppendix A) fo r the 

re a d e rs  examination and  in te rp re ta tio n .

Major Dental Problems

A nother sample of individuals (N=12) was analyzed sep a ra te 

ly from the  u n tre a ted  (and  tre a te d )  sample. These individuals were
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u n trea ted  orthodontically  b u t w ere not included because of failure 

to meet ex trac tion  c rite ria  a n d /o r  had  experienced  su b stan tia l dental 

reconstruc tion . Very little of the  resto ration  was recen t. The sex 

d istribu tion  and sample ch arac te ris tics  are  shown in F igure  61 and  

Table VIII. A paired  T - te s t and two sample T - te s t were conducted  

to in v estig a te  w hether this group grew and w hether it was d iffe ren t 

than the u n tre a ted  g roup . In reg a rd  to w hether th is  g roup  grew  

th rough  time, in considering  calculations 1-139, 31 of 48 possible 

distance m easures (no tooth re la ted  m easures w ere attem pted) 

showed a significant change while 18 of 47 angu lar m easures a ltered  

th rough  time. I t  was clear that th is  group was also changing  as in 

the u n tre a ted  g roup .

In te s tin g  w hether th is dental problem group  was d ifferen t 

from the u n trea ted  (den tally  hea lth y ) g ro u p , 41 of 48 d istance 

m easures and 12 of 47 angular m easures were d iffe ren t. T his again 

could be due to sex and age d ifferences; how ever, given th a t a 

num ber of the angu lar re la tionsh ips were a lte red  it is likely th a t 

some phase of tooth loss and  reconstruc tion  had a ra th e r  dram atic 

effect on the grow th of th e  craniofacial complex. A superfic ia l 

analysis of the differences include a dram atic alteration  of m andibu

lar position and  morphology and an ap p aren t dimunition of the 

grow th of the an te rio r portions of the face in th e  dental g ro u p . 

In -d ep th  analysis of the effect of tooth loss on adu lt change is 

beyond th e  scope of this s tu d y , bu t the re su lts  of significance 

te s tin g  for all calculations a re  p resen ted  for the re a d e r 's  inform ation.
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TABLE VIII

CHARACTERISTICS OF SAMPLE WITH 
SERIOUS DENTAL PROBLEMS

M A J O R  DENTAL P R O B L E M S

ID D E N T A L  C O N D I T I O N

B 2 8 5

B 1 9 9 9

B 2 0 3 0

B 2 5 9 5

B 2 6 5 2

B 2 7 4 7

B 2 7 5 7

B 3 0 4 2

B 3 4 3 8

B 3 4 8 4

B 4 1 7 1

B 4 6 0 4

F UL L  M O U T H  R E C O N S T R U C T I O N  

M U L T I P L E  U N R E S T O R E D  P O S T E R I O R  T E E T H

9 M I S S I N G  T E E T H .  E X T E N S I V E  B R I D G E W O R K  

7 M I S S I N G  P O S T E R I O R  T E E T H

4  M I S S I N G  A N T E R I O R  T E E T H ,  B R I D G E W O R K

1 0  M I S S I N G  P O S T E R I O R  T E E T H  

M U L T I P L E  E X T R A C T I O N S , P A R T I A L  D E N T U R E S  

FULL D E N T U R E S

FULL D E N T U R E S

U P P E R  D E N T U R E ,  L O W E R  P A R T I A L  D E N T U R E  

U P P E R  D E N T U R E .  L O W E R  P A R T I A L  D E N T U R E  

U P P E R  P A R T I A L  D E N T U R E
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V erteb ra

M easures taken  on the th ird  cervical v e r te b ra  fo r the 

u n tre a ted  sample indicate a significant increase in h e ig h t (211) and 

width (212) a f te r  adulthood had been achieved. In heigh t (211) 

mean tre n d s  indicated  th is increase continued d u rin g  th e  la te r  ages 

at least for the fem ales, although group te s ts  failed to dem onstrate 

a significant tre n d  in the la tte r  ages beyond 25. In width (212) 

an te ro p o ste rio r dimensions ind icated  a significant increase  continued 

beyond 25 years of age. V erteb ra l canal width (214) showed a 

significant decrease fo r males and a non -sign ifican t decrease among 

females, with the  effect also seen in the  group te s te d  beyond 30 

years of age. In to tal width of C3 which encom passes the  body, 

canal and sp ine, significant increases were noted in aU ages s tu d 

ied , ind icating  a continued enlargem ent of th is v e r te b ra  th rough  

tim e.

In term s of an te ro p o ste rio r change, several mechanisms may 

account for the  changes seen h e re . A daptive deposition of bone 

may be occu rring  on the ex te rn a l su rface  of the body and the 

po ste rio r aspect of th e  cervical sp ine , o r  deposition may be o ccu r

rin g  on aU d orsoven tra l su rfaces  ( th u s  including the posterio r 

aspect of the spinal c a n a l) . E ither combination could lead to the 

changes noted h ere .

These changes would also logically be expected  if one were 

to envision the cerv ical v e r te b ra  being  responsive to weight 

changes (Table IV) and m uscular changes. In term s of w eight.
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the addition of w eight usually  unequally  d is tr ib u ted  could in effect 

place suffic ient s tre s s  on the v e rteb ra e  to in itia te  an adaptive 

alteration  so as to broaden  the body of the  v e r te b ra e . Likewise 

p o s tu ra l m uscular a lte ra tions of the cerv ical muscles with age would 

be expected  to influence the osseous morphology of the cervical 

sp ine. The narrow ing of th e  sp inal canal is more difficult to in te r 

p re t .  The change in h e ig h t is consis ten t with overall heigh t 

changes in F igures 49-50.

Sexual dimorphism was extrem ely a p p a ren t in all dimensions 

noted h e re , with females consisten tly  smaller in absolute term s b u t 

not in grow th behavior. Both sexes were apparen tly  ad justing  to 

continuing  demands placed on the  system .

Since th e re  was no real reason to su sp ec t th a t orthodontic 

treatm ent and severe den tal problem s would have a substan tia l 

effect on the v e r te b ra e , all subsam ples were g rouped  and re te s ted  

fo r initial to final change (Table IX ). The re su lts  noted  are  con

s is te n t with the  previous descrip tion  for the u n tre a ted  sample.

A nother m easure of spinal ap e rtu re  (foram en magnum) which 

m ight be expected  to be resp o n d in g  to d ifferen t adaptational fo rces, 

was the m easure taken from O pisthion to Basion (213). In th is 

re g a rd  a significant decrease was noted  for the  males b u t not 

females (sign ifican t sex d iffe ren ce). This is also seen in Table 

V l l . In m ales, apparen tly  what occurs is a rem odeling an terio rly  at 

O pisthion (104, 34) and in fe rio r rem odeling at Basion b u t with no 

change in angulation (36, 106).
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TABLE IX

VERTEBRAL CHANGES FOR POOLED SAMPLE

VERTEBRA (0 3 )
(UNTREATED. TREATED AND DENTAL SAMPLES)

INITIAL AGE 20.0 
FINAL AGE 46.5 

N 306

DISTANCE SPAN MEAN SD
MEAN
DELTA

DELTA
SD

PROS.

63-65
FINAL

INITIAL

14.0

13.4

1.6

1.4
.6 1.0 .000

64-66
FINAL

INITIAL

16.8

16.1

1.6

1.4
.7 .9 .000

38-40
FINAL

INITIAL

38.8

39.0

3.8

3.8
-.2 1.8 .106

66-67
FINAL

INITIAL

16.7

16.9

1.5

1.6
-.2 .7 .002

64-68
FINAL

INITIAL

49.2

47.9

3.5

3.4
1.3 1.3 .000
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An In te rp re ta tio n  of the F indings

U sing all calculated values the following is an attem pt to 

p rov ide a logical statem ent as to the re la tionsh ips p re se n t in the 

craniofacial complex of the  individuals in the u n tre a te d  sample. 

Calculation num bers used  to ju stify  th e  statem ent a re  given in 

p a re n th e s is . Viewing the composite male and  female draw ings 

(F igu res 57 and 58) will also a ss is t in following the  discussion.

Cranial Base

O verall the  cranial base ap p ears  to be relatively  stable 

(107, 106) excep t at its  extrem e ex tensions. T he occipital condyle 

area  appears  to be changing  slightly  with age as the reg ion  involv

ing  Bolton point moves slightly  downward (35) and forw ard  (105) 

especially in the male. A lthough the effect is s lig h t, it is ap

p a ren tly  significantly  co n sis ten t across th e  ages and  ap p aren tly  can 

effect cranial base  o rien ta tions (230) notably F ra n k fo rt p lane. A 

size d ifference (seUa to Bolton po in t) between sexes is also noted 

(35) being  la rg e r  in the male. This too may re flec t a change in 

functional demands placed on the area in reg a rd  to th e  v e rteb ra l 

column and m uscular action.

In re g a rd  to two calculations (179 and 192) with Bolton 

po in t and basion m easured to nasion , bo th  m easures dem onstrated 

sign ifican t changes with age, however it is d ifficu lt to signify  what 

is actually  o ccu rrin g : an te rio r movement at nasion o r posterio r

movement of basion and Bolton po in t. A combination of movements 

is most likely.
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As d iscussed  in reg a rd  to the foramen magnum, basion 

appears  to continue to elongate in a fashion conformate with its 

o rig inal direction (106, 36) so as to remodel downward and back

w ard w ithout a change in the cranial base angle (106). A non

change in th is angle also is u sefu l in assessing  w hether o ther 

an g u la r values utilizing a cranial base orientation are  changing 

(230, 229). Again a size d ifference is noted for the distance from 

sella to basion (36), being smaller in the female.

For machine porion, apparen tly  in the male, porion is more 

in ferio rly  located with age. This may be re la ted  to the  increase in 

ear size anecdotally noticed in the p re sen t s tudy  and a possible 

altera tion  in the orientation and morphology of the ear canal which 

can be visualized on d ry  skuUs. This effect apparen tly  continues 

well into the tw enties. A sex effect is again noted h ere  fo r the 

d istance m easure from the cranial base b u t not angu lar values (40, 

110, 161). This even t may seriously  d is tu rb  some of the common 

cephalom etric o rien ta tions if the p o s te rio r ex ten t of the  F rankfo rt 

plane is moving inferiorly  with time, unless orbitale is moving coin

ciden ta lly , which apparen tly  is not the  case (229). Anatomic 

porion , on the o ther hand appears to be fairly  stable except for a 

slig h t b u t consisten t elevation in the  female (41) continuing into the 

tw enties. A sexually dimorphic effect in both angu lar and  distance 

m easures is p re se n t (41, 111) with the  male anatomic porion located 

fa r th e r  away from sella and at a more acute angle to nasion-sella 

than  in th e  female.
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The an te rio r cranial base  from sella to the  endocranial 

su rface  of the fron ta l bone dem onstrates rem arkable s tab ility  excep t 

for a sh g h t significant change from sella to the ethmoid reg is tra tio n  

point and PM vertica l plane in to  the tw enties, for the male. This 

may be accounted fo r by slig h t remodeling a t any of the areas 

involved in the m easures (42, 112, 181, 43). A size effect a t t r i 

bu tab le  to sex (42, 181) is also noted fo r the  ethmoid reg is tra tio n  

point b u t no angu lar sex  d ifferences a re  seen. On the  o th er hand  

when nasion is included in the cranial base m easures, th e  p ic tu re  is 

a lte red  from continued stab ility  to continued change and it becomes 

very  ev iden t nasion is moving forw ard (180, 183, 49) across all 

ages in a consis ten t m anner.

Two aspects  of the fro n ta l bone were scru tin ized  in the  

p re se n t s tu d y : the behavior of the ex te rn a l tables a t the endo

cranial and ectocranial su rfaces in th e  g labellar reg ion , and the  

behavior of the fron ta l s in u s . As m ight be expected  based  on 

prev ious stud ies these areas undergo  considerable change with age.

In reg a rd  to the endocranial su rface  of the fro n ta l bone, 

th is area appears  to be relatively  stab le  in term s of the  d istance 

from sella (43). No significant changes were noted  at any age, b u t 

a sex effect was p re se n t in re g a rd  to d istance from sella. Posi

tionally , the in te rio r prom inence relocates superio rly  with age in the  

male (113). A nteriorly  the ectocranial su rface  continues to develop 

significantly  (some 9%) th ro u g h  and beyond 30 years of age (85, 

44). The position of the  prominence also apparen tly  changes with
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age (114) with the prom inence located more in ferio rly  with age 

especially in th e  female. O verall, sexual dimorphism is easily 

dem onstrable in these dimensions with less robustic ity  noted in the 

female and an a lte red  location of the prom inence. The prominence 

in the female is more su p e rio r , ectocranially  and endocran ia lly .

The fro n ta l sinus also continues to develop dram atically with 

a g e . Positionally , the  u p p e r and lower extrem e aspects  of the 

sinus a re  apparen tly  moving forw ard and ap a rt with age (219, 115, 

117, 45, 47) with the more dram atic increases noted in the u p p er 

extension of th e  sinus into the  fro n ta l bone and much smaller in 

creases noted fo r  a lower extension an te rio r to th e  nasal spine into 

the nasal bone reg ion . This age effect continues well p a s t 30 years 

of age (210). C uriously , how ever no sexual dimorphism was seen 

in any of the ap p ro p ria te  m easures (210, 117, 115 and not 45 or 47 

which include overall size d iffe ren ces), although mean tre n d s  ind i

cate males were generally  la rg e r  in re g a rd  to sinus size. These 

conformational changes a re  most likely p a rtly  due to the continued 

adaptive grow th of the nasal region as the face remodels in a fo r

ward direction as the nose increases in size with age. This b e 

havior will also be seen in general term s fo r th e  en tire  midface.

Midface

The po ste rio r aspects of the midface are relatively  dormant 

in activ ity  although a num ber of sub tle  changes are p re se n t. 

M easures taken from sella to the  pterygom axülary  f issu re  show some
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upw ard and forw ard movement of the superio r aspects into the 

th ir tie s  (57, 126). P terygom axülary in ferio r is moving downward

for the  male b u t not in the female (55, 124). T he relationship  of 

sella-nasion to the PM vertica l plane is somewhat complex in n a tu re  

with slight subtle changes not occurring  in the sample when young 

spans are p re se n t, b u t ra th e r  when the spans are limited as to 

s ta r tin g  age above 25 years  of age. This is in te rp re ted  to indicate 

changes in th is angle do not a lte r  ea rly , b u t at la te r  ages in ad u lt

hood. A slight decrease in the mean values are  seen fo r the fe 

male; conversely for the male perhaps as the re su lt of late male 

grow th at the ethmoid reg istra tio n  point or reso rp tio n  at PTM 

su p erio r. R egardless of th is minor alteration  PM vertical remains a 

stable reference th ro u g h o u t most a g e s .

The position of the posterio r aspects of th e  palate , however 

exhib its continued change into the th ir tie s . M easured from several 

viewpoints (54, 163, 205, 162) increases a re  seen indicating down

ward movement. Sex d ifferences apparen tly  reflected  size only. 

The p o s te rio r nasal spine also apparen tly  remodels posterio rly  whüe 

moving inferiorly  (123). In sp ite  of the movement of posterio r 

nasal spine inferiorly  and p o s te r io r ly , consisten t change of angular 

re lationsh ips fo r both sexes between cranial base planes was not 

seen (231, 248). A notable exception to this statem ent involves 

males who showed a consisten t change betw een the palatal plane and 

sella-nasion and the  PM v ertica l plane. Both m easures indicated  the
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posterio r aspects  of the  palatal plane was lowering more than  the 

an terio r aspects of the  palatal plane. In sp ite  of th is  change no 

sex effect was no ted , only a male age effect. This notation of a 

developm ent in the male of the p o ste rio r aspects of the midface (55, 

124, 231, 248) so as to effect a p o sterio r counterclockw ise rotation 

is a consisten t finding th roughou t th e  m easures as will be seen.

C onsisten t with the descrip tions noted fo r the facial aspects 

of the an terio r cranial base the d istance relationships of the fron to - 

m axillary nasal su tu re  continue to show continued forw ard movement 

an terio rly  with no angu lar change (48, 118) in relation to the 

cranial base . The tip of the nasal bone behaves likewise moving 

an terio rly  at aU ages (50) elevating slightly  in the  male (270) with 

age. A non-sign ifican t tre n d  in the female was for a decrease in 

the elevation of the tip  of the nasal bone (270). Sex differences 

are noted in term s of the  angle of nasal bone elevation (270, 119) 

being g re a te r  in the m ale.

The ch arac te ris tics  of the o rb ita l region were m easured from 

several a sp e c ts . O rbitale moves consisten tly  forw ard from sella 

th ro u g h o u t the ages and was fa r th e r  forw ard in the male (52). 

However in relation to seUa-nasion no age or sex a ltera tions in 

angulation were p re sen t (121). O rbitale was fa r th e r  from the 

palatal plane d u rin g  young adulthood b u t th is  was probably  more 

the  re su lt of palatal movement (168). F u r th e r  it is in te re s tin g  to 

note th a t o ther m easures denote the rem odeling of the o rb it forw ard 

(167) so as to increase  the h e ig h t of th e  o rb it (170). The la te ra l
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orb ita l rim apparen tly  is moving forw ard d u rin g  the tw enties (51, 

182). S upraorb ita le  is also moving forw ard into the tw enties with 

males la rg e r  than  the females (46). No angu lar change in su p ra 

orb itale was seen; how ever, a sex effect was noted with su p ra o rb it

ale located more superio rly  in the  female (116, 169). In th is  re g a rd  

the  " tu t"  of the o rb it b rin g s  the top of the  o rb it fa r th e r  an te rio r in 

the  male and more u p rig h t in the  female. An upw ard  remodeling of 

sup rao rb ita le  was seen, b u t only slightly  (169). The re su lts  of the  

movements of the o rb it a re  consisten t with the  idea of a "gnomic" 

figu re  with little  change in shape, b u t only size, as the s tru c tu re  

move forw ard  (170).

The key ridge is moving forw ard at all ages (53) and 

exhib its considerable d ifference in size according to sex . The 

angu lar relationsh ip  shows males dem onstrate a slig h t elevation with 

age (122), as it moves fo rw ard . This re su lts  in an in creased  

dimension with age from seSa-nasion (165) and relative stab ility  

with the  palatal plane excep t in th e  male (166) which may be re la ted  

to the m arked counterclockw ise, downward sh ift of the p o ste rio r 

midface in the male.

A nterio r nasal sp ine dem onstrated an te rio r  and downward 

movement in the tw enties (12, 199, 164, 203). An angu lar change 

in the position of ANS re la tive  to nasion-sella  o ccu rred  in th e  

tw enties and th ir tie s  (82). This may be re la ted  to a s lig h t down

w ard deflection of ANS noted  d u rin g  tra c in g , b u t the m eaning of 

th is  la te r  change is not c lear.
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Downs point A is continually moving away from the  cranial 

base d u rin g  aging (11, 159, 184, 193) and the effect of sex on size 

is consis ten t with males being la rg e r. However, the angu lar re la 

tionship between the cranial base and A point remains stable (81, 

226, 228). This would su g g est that the  maxilla is coming forw ard 

consis ten t with an te rio r movement at nasion. Downs point A, in 

relation to the nasion perpend icu lar (b ased  on machine porion) 

shows some age change in m ales. This is p robably  based  on a male 

change in the position of machine porion noted  ea rlie r. The age 

effect d isappears when anatomic porion is u tilized (197, 195).

It is c lear th a t the midface is not dorm ant in re g a rd  to age

and sex d iffe ren ces . Only a few angu lar relations were a lte red

with age, b u t size increases with age were a co n sis ten t m arked 

find ing . It is felt th a t th is may be re la ted  to an increase  in the  

n aso resp ira to ry  area due to increased  physiological demands b ro u g h t 

on by increased  age and diminished pulm onary efficiency. While 

th is demand theory  is p lausib le , the cause to grow rem ains u n an s

w ered as an ex tension to adolescent grow th in q u iries . The effects

seen h ere  are summarized in F igures 63 and 64.

Mandible

With the foregoing changes noted  in the cran ial base and 

midface, since th e ir  additive changes influence the position of the  

m andible, it would be expected  th a t the mandible would show a 

dem onstrable configurational a ltera tion . This is v e ry  much th e  

c a se .
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Figure 63. Maxillary positional change. The 
illu stra tion  p rov ided  indicates the general movements 
for both  sexes even though they  d iffer sligh tly .
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Figure 64. Maxillary dimensional change based  
on palatal superim position. Slight increases are seen .
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In reg a rd  to the position of the mandible it is clear the 

mandible undergoes considerable change. Menton is moving down

w ard th roughou t all age spans (1 , 200, 204, 201) fo r both males 

and females with males of course dem onstrating la rg e r  absolute 

va lues. In reg a rd  to the position of m enton, how ever, only females 

show a change in the  angulation of m enton, ro ta tin g  clockwise 

th ro u g h  time (71). As m ight be expected  gnathion (2 , 72, 207) 

and pogonion (3 , 73) behave sim ilarly. Males dem onstrate movement 

of pogonion away from the  PM v ertica l plane (a n te rio r  th a t is ) ,  

while females do not (187) excep t for a tendency . In reg a rd  to the 

nasion perpend icu lar (u tü iz in g  machine porion) th is re lationship  also 

holds with one qualification. In females the mandible is apparen tly  

moving posterio rly  o r p erhaps more co rrec tly  not moving as forw ard 

as nasion with age (198). This tre n d  is also seen fo r nasion p e r 

pend icu lar to pogonion based on anatomic porion (196).

The activ ity  of B point shows a size gain across the ages 

away from the cranial base with time (g re a te r  in the m ale), with an 

angulation change (clockw ise) in the female (4 , 74, 186, 194).

Similar adjustm ents a re  seen for the lingual sym physeal point (17, 

87). The ap p aren t clockwise rotation of the  mandible in the female 

and stab ility  of the angu lar position of the male m andible, how ever, 

may be more complex when combinations of calculations a re  consider

ed . I t  is clear th a t the  mandible is moving downward in both sexes 

(1 , 200, 204, 2, 3, 207, 4, 17, 194) and the  angle of the points 

with th e  cranial base shows an increase  (backw ard ro ta tion) in the
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female (87, 74, 73, 72, 71), b u t not in the  male. B ut what is not 

c lear is w hether the  m andibular chin poin ts are  moving m ore-o r-less 

s tra ig h t vertica lly  (dow nw ard) o r down and back (clockw ise) in the 

female and an te r io r, down, and forw ard in the male. Several mea

s u re s ,  how ever, tend  to clarify  th is s itua tion . In m easuring  from 

PM v ertica l to B point and pogonion, it is c lear th a t in the male the 

chin poin ts a re  moving forw ard and the female chin points a re  fairly  

s tab le  (186, 187). This th en  su g g ests  a situation  w here the  male 

chin poin ts are moving downward and forw ard  and in the female 

m ore-o r-less  s tra ig h t downward with age. This relationship  also is 

u n d ers tan d ab le  in term s of common cephalom etric m easures such as 

S-N-B and BO-N-Pog (225, 227). With these  m easures, the male 

shows a significant increase  in angulation (225) thus implying th a t 

the  chin continues to come forw ard  at a ra te  more than  the grow th 

of the  m idface, how ever, in th e  female the  opposite relationship  

holds (225, 227). The mandible is falling posterio rly  in re g a rd  to 

th ese  m easures, b u t th is is more ap p aren t than  real as it is clear 

th a t as th e  female chin moves down and not m arkedly forw ard  (b u t 

no t m arkedly p o s te r io r) , as the midface moves fo rw ard , the angles 

d ecrease . Some clockwise ro ta tion  of the female mandible is possible 

though  as will be seen (F ig u res  65 and 66).

Gonion also changes m arkedly in position th ro u g h  time 

across  th e  ages as it moves downward (31, 32, 201, 206). Again 

male values are  la rg e r  than  female values fo r d istances away from 

th e  cran ial base . Mean tre n d s  also indicate th is  downward deflec-
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Figure 65. Female m andibular positional 
change ind icating  a v ertica l descen t of the m andible.
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F igure  66. Male m andibular positional change 
ind icating  a continued downward and forw ard descen t 
of the  m andible.
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tion is of g re a te r  m agnitude for the male. While a downward tre n d  

is p re se n t in both sex es, it is also clear th a t gonion is also moving 

forw ard  or backw ard depending on sex (185, 101, 102). The female 

gonion points show a posterio r movement, while the  opposite effect 

occurs in the  male again ex p ress in g  a p o sterio r facial development 

in th e  male and a clockwise ro ta tion  in the female.

The an te rio r and p o s te rio r b o rd ers  of the  ramus are  also

moving downward, and  it is in te re s tin g  to note th a t the  p o sterio r 

aspect of the  ramus is moving forw ard in the male b u t is quite 

sta tionary  in the female. All the while, how ever, the an te rio r 

b o rd e r of the  ramus is moving posterio rly  (30, 33, 100, 103). This 

would su g g est an te rio r reso rp tion  of the an te rio r bo rder of the 

ram us, which might have some bearing  on the ability  of the  th ird  

molars to e ru p t and fu r th e r  amplify a counterclockw ise rotation of 

the male mandible with age.

The coronoid p ro cess , which m ight be expected  to be r e 

sponsive to adult conformational alterations th rough  grow th ,

behaved  similar to o th e r m andibular p o in ts . The coronoid point 

moved away from th e  cranial base with time, b u t m aintained its  

an g u la r re lationship  (56, 125).

The relationsh ip  of an te rio r and p o sterio r a rticu la re  demon

s tra te d  some curious changes. A nterior a rticu la re  was stab le a t the 

early  stages of adulthood b u t showed a significant downward move

m ent at the la te r  s tages of ad u lt life (38) ; b u t an early  change fo r
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males in the  angulation to the cranial base (108). In a rticu la re  

p o s te rio r the  same relationship  generally  held  fo r the young stages 

of adulthood b u t with an early  change for the females in the angu

lation to the cranial base (37, 107). Also, a rticu la re  po ste rio r

became located fu r th e r  from the fro n t of the  face with age (188). 

This la te r  effect would su g g est th a t if the  mandible is located 

fu r th e r  from th e  cranial base with age and fu r th e r  from th e  fron t 

of the face, the  mandible m ust indeed be of g re a te r  leng th  with 

age. These re su lts  would also su g g est th a t rem odeling downward of 

the temporal bone around the condyle with age may be the ap p ro 

p ria te  though t especially for articu la re  an te rio r.

The position of the condyle in relation to sella p roved  to be 

qu ite  stable in n a tu re , and excep t for a sex effect in reg a rd  to the 

absolute d istance between sella and condylion (39), h ttle  change 

was noted excep t fo r a somewhat more posterio rly  located condyle in 

the female (109) with age. As with a rticu la re  p o s te rio r, condylion 

was located fu r th e r  from the fro n t of the face with time (189, 62), 

again by default sug g estin g  an increased  dimension fo r the m andi

ble .

In assessin g  the size and configuration of the  mandible 

itse lf  (F igures 67 and 68) th is was indeed found to be the  case with 

the  d istances of the  effective leng th  of the m andible, the  b o d y , and 

the  ramus aU increasing  in leng th  th ro u g h o u t all spans (141, 191, 

140, 142, 143). In add itio n , a change m the  gonial angle (133) was 

no ted  for males with the angle becoming more acute with time and 

much more acute than  with th a t seen in females. These changes in



259

FEMALE

change.
Figure 67. Female mandibular dimensional
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change.
Figure 68. Male mandibular dimensional
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m andibular length  were no t a ttr ib u te d  to the development of the so 

called "chin button" even though significant increases in sym physeal 

width occu rred  in both  sexes and  chin prominence augum entation 

o ccu rred  in females (150, 151). In females they  appear to have a 

less prom inent mandible b u t a more prom inent chin with age. 

Increases in the region of the body-ram us in tersection  were also 

no ted , b u t only for la te r adult periods (146). On the co n tra ry  the 

width of the ramus (145) was decreasing  significantly  in males 

(tendency  in females) app aren tly  due to su b stan tia l resorp tion  of 

the an te rio r b o rder of the  ramus (147) and le sse r  b u t sign ifican t, 

deposition on the posterio r aspec ts  of the ram u s.

The coronoid process also appears quite  labile and resp o n 

sive to the apparen t biomechanical demands placed on it by a man

dible increased  in size with age. The coronoid process moved 

forw ard and upw ard with time (144, 149) while m aintaining the 

angu lar orientation (253) to th e  mandible p ro p e r. The m asseter 

length  relationship  also in creased  with time especially in the  male 

(208).

With m anifest changes in the size and orientation of the 

mandible it would no t be unexpected  th a t common cranial re la tion

ships would also be a lte red  with time. As m ight be expected in 

relation to se lla -nasion , th e  F ran k fo rt p lane, palatal plane and the 

PM vertica l p lane, th e  m andibular plane d isplayed significant effects 

(o r tendencies) indicating the  m andibular plane was ro ta tin g  coun

terclockw ise in the male and  clockwise in th e  female (235, 241, 247,
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250, 234). This female tre n d  was also seen for m easurem ents

involving the ramal plane (236, 242) and in relation to the f ro n t of 

the face (251).

The various grow th axis m easures were also co n sis ten t with 

the  p re se n t find ings ind icating  a counterclockw ise ro ta tion  of the 

mandible down and forw ard in the male and  a lowering of the chin 

and clockwise ro ta tion  of the mandible in the female (243, 244, 

245), although these  m easures are surely  influenced by  the m arked 

downward developm ent of the face. The various indicies of in te r 

m axillary p ro tru sio n  also su g g est th is  in te rp re ta tio n  (254, 255, 160, 

238).

In essence th en , fo r both sexes the dimensions of the 

mandible are in creasin g . In the  male more so, and more so in the 

area of the ramus so as to effect a change in the orien ta tion  of the 

m andible continually downward and forw ard . In the female how

ev e r , even with the  a tten d en t increase in dim ensions, as the  chin 

would move forw ard the mandible would in effect be ro ta tin g  back 

w ard so as to increase  the an te rio r v ertica l dimensions of the face 

with no re lative an te rio r movement of the c h in . This repositioning  

of the mandible should have coincident co rroborative  effects  on the 

d en titio n .

Dentition

From the prev ious descrip tions in re g a rd  to the facial 

b o n e s , it should be an tic ipated  th a t the dentition  could and should
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dem onstrate considerable activ ity  in term s of adjustm ent and compen

sation with age. This is indeed the case.

T ha t the tee th  and su rround ing  alveolar s tru c tu re s  have 

moved away from the cranial base could be expected  in view of the 

descrip tion  of the  movement of the maxilla. I t is clear th a t th is 

p rocess is re la ted  to sex (fo r absolute d istances) and continues 

with age (5 , 6, 7, 8, 9, 10,193, 14, 15, 16, 18, 19, 20, 21, 22, 

23, 24, 25, 26, 27, 28, 29). However, it is also evident th a t some

s tru c tu re s  may be d ifferentially  changing due to age and sex as the 

angulation of various points is also being a ltered  in relation to the 

cranial base (75, 76, 77, 78, 79, 80, 83, 84, 85, 86, 88, 89, 90, 

91, 92, 93, 94, 95, 95, 96, 97, 98, 99) with age. These two com

ments would then su g g est th a t some of the basic assessm ents of the 

occlusion should also be a lte red . In reg a rd  to Down's occlusal 

p lane, in relation to the  F ran k fo rt p lane, th ere  is a significant 

tre n d  tow ards an increase tow ard a h ig h er angle (s teep e r occlusal 

p lane) continuing into the late tw enties (240) although th is tre n d  is 

unclear when m easuring to seUa-nasion (233). T his curious set of 

m easures p erhaps can be accounted fo r in terms of an age effect on 

the  position of porion with age in males and  the confluency of the 

male and female samples in reg a rd  to opposite grow th effects  seen

in the o th e r bones, and due to eruption  of an te rio r teeth  as will be

noted subsequen tly  which would influence th e  location of the  a n te r

ior Down's point.
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When assessing  the  functional occlusal p lane, re su lts  are 

much more consisten t with expected com pensations. In reg a rd  to 

the palatal p lane, the  sella-nasion p lane, and the PM vertica l p lane, 

the functional occlusal plane shows a decrease in angulation in the 

males and stab ility  in the female (246, 232, 249). T h u s, while the 

female occlusal plane is s teep er in all reg a rd s  to begin  w ith, it 

remains fairly  stable th ro u g h  time. Males, on the o th er h and , show 

a consis ten t change tow ard a f la tte r  occlusal p lane. One m easure 

con trad ic ts  th is , th a t is the functional occlusal plane (239) as 

m easured to the F ran k fo rt p lane. This m easure indicates males do 

not a lte r th ro u g h  time, how ever, if it is rem em bered th a t  porion is 

descending with age as the posterio r aspect of the functional occlu

sal plane is descending , no change in the occlusal plane is more 

apparen t than real. R egardless of small conflicts in calculated 

v a lu e s , it is clear th a t assessm ents of the  occlusal plane indicate 

th a t it is becoming f la tte r  significantly  with age in males, excep t 

when the an te rio r tee th  a re  included in the  assessm ent where the 

tendency th e re  is fo r a s teep er occlusal plane in both  s e x e s . 

P erhaps more individual tooth configurations will enlighten th is 

re lationship  as is outlined in F igure 69.

The axis of the u p p e r incisors when m easured according to 

n as io n -A po in t, sella-nasion p lane, the palatal p lane, and  even the 

m andibular plane aU indicate th a t the u p p e r incisor is constantly  

u p rig h tin g  with age (259, 256, 257, 258). I t  is fu r th e r  in te re s tin g  

to note th a t no sex differences ex ist fo r th is  inclination except in
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Figure 69. Male occlusal plane changes.
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re g a rd  to the  inclination of the u p p er incisor in re g a rd  to the  

m andibular p lane. This is consisten t with previous m easures for 

sella-nasion-A  and sella-nasion-pala ta l plane w here no sex d ifference 

is noted  in the  initial and final v a lu e s , b u t the converse is the case 

fo r sella-nasion-m andibular p lane. This would su g g est th a t while 

the o rien ta tion  of the  m andibular plane is d iffe ren t in both sex es, 

the inclination of the u p p e r incisor is the same in both sexes and 

the  incisor is constan tly  u p rig h tin g  in both sexes into late  ad u lt

hood.

The behavior of the u p p er molar is how ever a b it more 

complex. I ts  axis m easured in relation to the palatal plane shows a 

s ignificant u p rig h tin g  in the male and a tendency for being  more 

dis tally inclined in the  female. There is a significant sex d ifference 

in th is reg a rd  also.

In re g a rd  to the  axis of the  lower incisor m easured to 

nasion-pogonion, A -poin t-pogonion , F ran k fo rt p lane, seU a-nasion , 

palatal p lane, Down's occlusal p lane, and the  m andibular plane the 

im pression is given of consistency  of inclination (268, 267, 262, 

263, 264, 265, 266), excep t in the female w here a s tro n g  tendency  

ex ists  for a continued an te rio r  inclination of lower incisor (262,

264). A sex difference also is dem onstrated (262, 264) ind icating  a

d ifference fo r initial and  final values between the sexes so th a t the  

female incisors are more "flared" an terio rly  than  males in relation  to

u p p e r facial s tru c tu re s ,  b u t in relation to the mandible they  are

more u p r ig h t than  m ales. This is consis ten t with a rela tive ly  re -
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tru d e d  mandible seen in females where the  lower an te rio r teeth  

would tilt forw ard so as to maintain contact as the m andibular plane 

ro ta te s  clockwise.

I t appears then  th a t the  u p p er incisors u p rig h t in both 

sexes th rough  age and the lower incisors tü t  an terio rly  only in the 

female. One would expect then th a t the in te r-in c isa l angle would 

significantly  a lte r  in the male b u t remain stab le in the female as the 

two movements would offset each o th e r. T h is , indeed is what was 

seen (261).

The lower molar in relation to the m andibular plane moves 

complimentary to the u p p er molar with the molar becoming more 

u p rig h t in the male and a tendency for mesial tipp ing  in the female. 

Initial and final values also d iffered  on the basis of sex as the male 

molars were more u p rig h t in reg a rd  to the m andibular plane (269) 

These movements are summarized in F igures 70-73.

With the  changes in inclination of the  incisors one would 

expect to observe  changes in th e ir  re la tive  p ro tru sio n  with less 

p ro tru sio n  (o r s tab ility ) of the u p p er incisor and more fo r the 

female lower inciso r. Except fo r minor details involving complex 

movements of bones and tee th  (176), a stab ility  of re la tive p ro tru 

sion of the incisors was observed  (177, 178, 176, 158, 157), except 

fo r a tendency fo r more p ro tru sio n  of the  lower incisor (157) in the 

fem ale.

While some of the movements perceived  by  the previous 

m easures may be the re su lt of the  tee th  being carried  by the bones
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FEMALE

Figure 70. The directions of dental and 
m andibular plane movements in the female.
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FEMALE

F igure  71. The re su lta n t dental changes in 
th e  female.
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MALE

Figure 72. The d irections of dental 
m andibular plane movements in the male.

and
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MALE

F igure  73. The re su lta n t dental changes in
the  male.
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as they  ad ju st downward it is possible th a t the tee th  them selves are  

ad ju stin g  beyond the  axial changes already explored . T ha t is to 

say th e  tee th  may be continuing  th e ir  erup tion  and the alveolus may 

be a lte rin g  with time. Inspection of the m axillary arch  m easured 

from the palatal plane reveals positive increases in the he igh t of the 

alveolus an te rio rly  and  posterio rly  and continued erup tion  of the 

an te rio r and p o s te rio r tee th  (171, 172, 173, 174, 175). I t  is in te r 

es tin g  to note th a t no sex difference ex ists  as to the h e ig h t of the 

alveolus an te rio rly , b u t does, p o ste rio rly . In addition a sex d iffe r

ence ex ists  as to the distance from th e  palatal plane to the  incisal 

edge and cusp  tip of the molar. This relationship  is p e rh ap s  due 

to th e  size of the an te rio r  tee th  and the  heigh t of the p o sterio r 

alveolus both of which are  g re a te r  in the male. I t should also be 

noted th a t th e se  changes in the m axillary teeth  appear limited to 

the younger adu lt p e r io d s .

In the  m andibular a rc h , considerable change also occurs b u t 

over the en tire  period  of s tu d y . M easured from the  m andibular 

plane th ere  is a continued increase  in the h e ig h t of th e  alveolus 

and continued erup tion  of te e th . T here  is also a clear distinction 

as to sex d ifferences for all m easures (152, 153, 154, 155, 156) 

ind icating  th a t males have alveolar p rocesses in the  mandible which 

are clearly  la rg e r  th an  the female. It should be noted in re g a rd  to 

these  m easures th a t i t  is impossible to ascerta in  w hether the  effect 

m easured is th e  re su lt  of deposition of bone on the  in fe rio r aspect 

of th e  body of the mandible o r erup tion  of tee th  with additions of 

bone to the alveolus. A combination of these  fac to rs  is most lik e ly .
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In sp ite  of inclination changes and erup tion  of inc iso rs, 

su rp ris in g ly  no change in overb ite  was observed  (22). Perhaps 

th is was p rev en ted  by the a ttritio n  of an terio r teeth  which was a 

general o b se rv a tio n .

It is clear th a t the dental area in general is fa r  from d o r

mant du ring  aging , and  m irrors o r coincides with changes noted in

contiguous osseous s tru c tu re s . It is likely th a t in th is  dentally

healthy  population th a t the dental changes re flec t more or less

healthy  dental changes with age. F u r th e r  is is unlikely th a t the  

dental changes serve to effect the osseous changes seen in th is  

s tu d y . Had severe dental destruction  been the ru le , it is likely 

th a t quite  d ifferen t re su lts  would have noted as the facial bones 

would logically be expected to ad just accordingly.

Soft T issue Profile

The soft tissue  mask su rro u n d in g  the  osseous u n d e rs tru c 

tu re  undergoes notable and known alterations with age. The ceph

alometric analysis dem onstrated  these  changes in detail which were 

documented to be of a la rg e r o rd e r of change than the  osseous 

s tru c tu re s  were undergo ing , b u t were coincident with th e ir  n a tu re .

Soft tissue  glabella moved forw ard well into the th irtie s

(58). Beside a sex d ifference in term s of size (58), it was evident 

the location of glabella was h ig h er in females (127). Glabella 

tended  to move downward in location with time. Similar adjustm ents 

were shown fo r soft tissue  nasion (59).
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The most an te rio r point on the nose showed continued 

movement forw ard and down th roughou t all ages examined (60, 

129). Males had la rg e r  noses (60), however th ere  appeared  to be 

no sex difference in reg a rd  to the angu lar relationship  of the 

an te rio r nose point to the cranial base (129). The most an terio r 

and in fe rio r point on the nose behaved similarly (61, 130). The 

movement of the nose is fu r th e r  clarified by two o th e r m easures 

(223, 271) which dem onstrate the tip of the nose is moving down

w ard for both sexes b u t is relatively  less prom inent in the female 

(271).

This relationship  is also seen in reg a rd  to the hps (219).

SeUa to subnasale shows a significant (b u t less so than  the nose)

change (62) which fu r th e r  amplifies the above descrip tion  of the 

n o se . While a significant increase  in th is d istance occu rred  in the 

male at the  earlie r ages, none was seen in the female. Both sexes

showed subnasale moving in a downward direction a t all a g e s . This

then  would re su lt in the nose of both sexes becoming more 

"pointed" o r acutely angled with time as was noted to be the case 

(272, 273) with the female nose less acute than  in the male.

The relative inactiv ity  of subnasale in relation to the nose

also showed an effect in relation to the u p p e r lip . The angle from

the tip  of the nose th rough  subnasale to the u p p er lip becomes 

more acute with age (274). Soft tissue  A point is apparen tly  mov

ing  forw ard  in an amount and direction similar to subnasale (63,

132) as is the an te rio r point on the  u p p e r lip excep t th a t the
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downward aspect is apparen tly  more accen tuated  (133) as the lip 

le n g th e n s .

Stomion follows the same course as it continually , across all 

ag es , moves fa r th e r  away from sella (65) and downward from sella- 

nasion and  the  an te rio r nasal spine (222, 134). The lower lip also 

follows th is  behavior (66, 135) as does soft tissu e  B point (67,

136), and soft tissu e  pogonion (68, 137). The angle formed by the 

lower h p , mental su lcus and pogonion becomes deeper for the female 

p erh ap s  as the re su lt  of a re latively  more prom inent lower lip and 

less forw ard  movement of soft tissue  B po in t. Soft tissu e  gnathion 

and  soft tissu e  menton followed similar forw ard and downward 

movements fo r all ages (69, 138, 70, 139).

The continuous altera tion  of the soft tissue  is common to 

both  sexes th ro u g h  time b u t several m easures re la te  the changes 

a re  sub tle ly  d iffe ren t for both sexes, and subtlely  p roportional in 

n a tu re . Males have a more prom inent soft tissue  pogonion (218), a 

less acute mental sulcus (275), la rg e r more prom inent lower hps 

(217), and a la rg e r  more angled nose. Both sexes show relatively  

less prom inence to the  u p p e r hp as it elongates (216) th ro u g h  time.

It is in te re s tin g  to note how ever, with aU the  soft tissue  

a lte ra tions the  tip of the nose relates continuaUy to th e  location of 

stomion (221) showing no effect of age so as to su g g est the midface 

is moving p roportionate ly  downward and forw ard th ro u g h  age. Soft 

tissu e  pogonion in relation to stomion increases shg h tly  with time 

(220) as if to su g g est the mandible is f oho win g a shg h tly  d ifferen t 

developm ental cou rse .
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In relation to d istan t osseous s tru c tu re s  (Z angle : 276,

277) a s tra ig h ten in g  of the  profile is noted which is to be expected 

with a fla tten in g  of th e  u p p er lip prominence as it elongates and as 

the prominence of the  lower lip relatively  in c re a se s , along with an 

increase  at soft tissu e  pogonion. F igures 74-76 provide a summary 

of th e  soft tissue  changes.

The following descrip tion  speaks little  of dim inuition, g rav i

tational "sag" of tissu es  and the  like descrip tions in terms of de

generations associated with age. I t  is p e rh ap s  more Likely th a t 

th ese  changes re p re se n t the re su lt  of sub tle  d ifferen tia l positive 

increases in tissu e  vaguely rem iniscent of those associated with 

embryological and p o stn a ta l facial changes.

Mechanisms

In term s of th e  mechanisms available to account for change, 

we are  p re ssed  by the  available lite ra tu re  to conclude th a t few 

mechanisms are rem aining a fte r  adolescence.

The Cranium

In adolescence (and befo re) it is felt th a t the  calva demon

s tra te s  expansion on the basis of surface deposition on its  ecto- 

cran ial su rface  and reso rp tion  on the in n er su rface  along with 

deposition a t its  su tu ra l m argins. However, the prime cause of an 

observed  expansion is the increase  in the size of the  b rain  which is 

tho u g h t to literally  e ffect an outw ard  movement of the  bones of the
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F igure  74. Soft tissu e  outlines fo r males and 
females at the in itial ages. A composite p ic tu re .
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Figure 75. Soft tissue  outlines fo r males and 
females at the  final ages. A composite p ic tu re .
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A

F igu re  76. Soft tissu e  outlines fo r composite 
males and females. Superim position was prov ided  by 
re g is te r in g  on sella and o rien ting  along sella-nasion . 
R eg is te rin g  a t nasion would provide fo r a sligh tly  
d iffe ren t configurational change.
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calva and the  su tu res  reac t by filling in the voids crea ted  at th e ir  

m arg in s .

In the adult the su tu re  system s appear to be of little  s ig 

nificance a f te r  age 25 to 30 years (Todd and Lyons, 1925) although 

su tu re s  are  still ap p aren t on older skulls (S co tt, 1967). Also th e re  

are  suggestions th a t the  b rain  itse lf actually  becomes smaller d u rin g  

adu lthood . In the calva then few of the  adolescent mechanisms 

ap p ear available to effect a change in the ad u lt, save rem odeling.

In the skuU base it is fe lt th a t the cartilaginous rem nants 

of embryonic development may play a role in effecting  a displace

ment (or flex u re) of both the bones of the calva and the bones of 

the  face d u rin g  adolescence, although considerable con troversy  in 

re g a rd  to these  actions e x is t . P roliferation of these cartilages may 

force the bones of the skull ap a rt with app rop ria te  su tu ra l deposi

tion to rep lace the void. In re g a rd  to the  bones of the  face two 

synchondrosal areas may be especially im portant. The sphenoeth

moidal synchondrosis may be im portant in u n d erstan d in g  the 

a n te rio r  displacem ent of the midface a t least un til about age 7 when 

th is  area is ossified (F o rd , 1958). In reg a rd  to the spheno

occipital synchondrosis th e  maxilla and mandible are  contiguous with 

e ith e r  side of the synchondrosis and pro liferation  of the cartilage 

may have special im portance in effecting  a co rre la ted  occlusion of 

the d en titio n .

However, the existence of these  cartilag inous synchondro

ses diminishes from b ir th  to adu lt leading to a suggestion  th a t if
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they  do play a role in grow th and development th e ir im portance is 

g re a te s t m  u tero  and diminishes th e re a fte r . The la s t rem nant of 

cartilage in th is  reg a rd  is located between the  sphenoid  and  the 

occipital bones, how ever, possible adjustm ent from th e  spheno

occipital synchondrosis seems unlikely a f te r  25 y ea rs  of age 

(T h ü an d er and In g erv a l, 1972; PoweU and B rodie, 1963; Melsen, 

1969; F ord , 1958; S cott, 1958; B jork , 1966).

The Midface

In the developm ent of the  maxilla it is f ir s t  formed about a 

tem plate of cartilage which la te r  reso rb s  for the  most p a r t  except 

fo r the  nasal sep tum . The ossified maxilla then  increases in size 

by  subperiosteal deposition. The deposition (and re so rp tio n ), 

how ever is not uniform in the downward and forw ard grow th seen 

d u rin g  childhood. V ertical change occurs mainly by su rface  deposi

tion on the  pala te , alveolus and the tooth sockets with co rresp o n d 

ing  resorp tion  on the floor of the  nasal cavity and m axillary s in u s . 

T here  is also grow th in the  series of su tu re s  which join the maxilla 

to th e  cranial base , zygoma and fron ta l bone. H orizontally , deposi

tion and reso rp tion  continually reshape the an te rio r m axilla, bu t 

add little  to its  an te rio r ex ten t. P osterio rly , how ever considerable 

deposition takes place notably a t the tu b e ro s ity , the pterygom axü- 

la ry  f issu re  and at the  su tu re s  which b o rd er the  palatine and  the 

p terygo id  p lates of the sphenoid . A nterior and  p o s te rio r th ru s t  of 

the  maxilla is p u rp o rted  to be accomplished by the cran ia l base
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cartilages and the  nasal septum  (a lthough o th e r though ts  have been 

ex p ressed , notably the  "functional m atrix  th e o ry " ) . The pull of 

the septo-prem axillary  hgam ent and m yofibribroblastic  activ ity  in 

the su tu re s  are  also felt to p lay a role especially in the  an terio r 

transla tion  movement of the maxilla.

In  the ad u lt, su tu ra l activ ity  seems to be app aren tly  quite 

dormant in the early  tw enties (B jork , 1866; P ersso n , 1973; Melsen, 

1975) although th e re  are obvious exceptions (Kokick, 1976) which 

su g g est su tu ra l adjustm ent is qu ite  possible into th e  la te s t s tages of 

adu lthood . In re g a rd  to the nasal sep tu m , grow th activ ity  was 

assessed  by V etter e t al. (1983) who concluded grow th occu rred  

even at 20-35 years especially fo r the an te r io r  free  end . This may 

have an effect on nose grow th , leng then ing  of the u p p e r hp and 

m axillary grow th depending on the availab ih ty  of su tu ra l a d ju s t

m ent. These mechanisms may have some im portance in the re su lts  

noted h ere .

The Mandible

A fter formation the  mandible grows prim arily by periosteal 

deposition all the  while m aintaining its  shape by an in te rp lay  of 

deposition and reso rp tio n . The condyle on the o th e r hand  is r e 

sponsible for increases in overall leng th  th ro u g h  grow th of the 

condylar cartilage . While not g re a t in volume of bone p ro d u ced , 

the amount is c ritica l in term s of overall coordination of maxillo

m andibular grow th . In th is  re g a rd  su ffic ien t condylar and  ramal
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growth coupled with vertica l development of the alveolar p rocesses 

is n ecessary  to effect a counterclockw ise rotation of the m andible, 

or th e  opposite may occur should the  effect not be su ffic ien t. An 

intimate relationship  is likely also in term s of muscle morphology 

and osseous cond ition . The "answ er" to w hether th e  grow th p ro 

cesses is coordinated will be found in compensation by  the  dentition 

or the  lack thereof.

In the adu lt the condylar con tribu tion  to grow th is felt to 

term inate la te r  than for the face in g e n e ra l, bu t not la te r  than 

approxim ately 22 years (B jork , 1951, 1963, 1966). Little change in 

verall morphology occurs a f te r  th a t time even with dental loss 

(K een, 1945). In acrom egaly, how ever, the mandible may obtain a 

considerably la rg e r size. A pparently  condylar grow th and consider

able remodeling remains possible in adulthood.

The Teeth

The teeth  are apparen tly  biologically labile in term s of age 

and exhibited  considerable a lte ra tio n . O riginally considered a 

response to a ttritio n , up r ig h tin g  of th e  incisors has been noted 

th ro u g h  time (Lysell and F illipsson, 1958; H asund, 1965). Eruption 

of tee th  w ithout a ttritio n  has also been though t to lead to an in 

crease in facial heigh t due to increases in alveolar h e ig h t (Heilman, 

1927; H erzberg  and Holic, 1943; M urphy, 1959; Man so n , 1963).

F o rsb erg  (1976, 1979) also fe lt th e re  was erup tion  of th e  molars

along with a slight rotation of the  mandible which gave rise  to a
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more lingual position of the u p p er in c iso rs . This occurrence might 

also give rise to an increase in facial he ig h t. Lysell and M yrberg 

(1971) how ever feel th a t the incisors tendency  to successively 

u p rig h t them selves might p a rtly  be a consequence of the an te rio r 

grow th of the facial sk e le to n . This in tu rn  would cause a certain  

adaptation of the  bite to the facial muscles and the tongue.

Remodeling

While it might be possible to envision partia lly  active, 

periodic , com pensatory or in itia to ry  adjustm ents by the  su tu re  

system s, condyles, the nasal septum and te e th , it would appear the 

major mechanism left fo r critica l analysis is rem odeling. Remodeling 

is grow th (Enlow, 1978).

Examples of known rem odeling activ ity  d u rin g  aging would 

include apposition on the lower b o rd e r of the mandible (Is rae l, 

1973) and apposition a t the c re s t of the u p p e r and lower an te rio r 

alveolar c re s ts  (Ainamo and T alari, 1976; F o rsb e rg , 1979). O ther 

examples are  known fo r the tu b u la r bones of the body w here con

tinued  activ ity  has been consisten tly  dem onstrated . Likewise there  

is evidence for th is activ ity  in the skull ( Is ra e l, 1973; F o rsb e rg , 

1976, 1979).

For the sinuses th is mechanism is invoked to describe the 

p rocess of enlargem ent seen in the m axillary and  fron tal s inuses. 

Evans (1938) s tud ied  young radium dial p a in te rs  who had vitally 

sta ined  th e ir  sku ll, and dem onstrated apposition of the an te rio r 

su rface  of the p o ste rio r waD of the fro n ta l s in u s.
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Craniofacial skeleton remodeling has been extensively  

stud ied  in the adolescent (Enlow, 1968; Hoy te  and Enlow, 1966) up 

to th e  tw enties (L inder-A rronson  et a l . ,  1975). Perhaps remodeling 

activ ity  d u rin g  aging may in essence be analogous to th a t o ccu rring  

du rin g  adolescence except fo r the ra te  of change, the  amount of 

change, and  the demand usually  placed on th is  mechanism.

Perhaps the adu lt situation describ ing  the overall mechanism

involved in craniofacial grow th is summarized b est by Enlow (1978):

In aU tissu es  and o rg an s, grow th in troduces a continuous 
series of localized imbalances among the p a r ts ,  and th e re  is 
a sequentia l bu t essentially  sim ultaneous leap -frogg ing  of 
sm all-level, ca tch -up  grow th changes. Growth is a con tinu
al process of p a r t - b y - p a r t , reg ion -by -reg ion  s triv in g  to 
w ard a s ta te  of ultimate equilibrium . When such cranio
facial-w ide (and body-w ide) balance becomes a tta in ed , 
grow th itse lf is essentially  complete. Should some in trin s ic  
o r ex trin sic  change be in troduced  a t any local tissue  level, 
the  grow th process is reac tiv a ted , and tissue  proliferation  
and d ifferen tiation  prov ide for tra n sien t o r sho rt-te rm  
grow th and remodeling sufficien t to re s to re  a s ta te  of 
equilibrium , be it biomechanical, b ioelectric , physiological, 
hormonal, v ascu la r, neurological, or o therw ise. In th is 
re s tr ic te d  sen se , the  endotherm ie mammalian body like th a t 
of the ectotherm ic rep tile , continues to "grow" th roughou t 
life.

The p re se n t work is consisten t with th is  notation.

D iscussion Summary

What is ev iden t from th is d iscussion , is th a t, what is gen 

erally  believed about adult growth does not a lte r  the  facts  of 

biology which in th is case amounts to the admission th a t grow th is 

apparen tly  operative a t w ider age spans than  previously  though t 

and th e re  may be no cessation of grow th a t all. As Baer (1956)
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believes the distinction between chüdhood and adulthood is a rb i

tra ry  and th is work amplifies th is  feeling. The changes noted 

overall are  small, b u t consisten tly  provide evidence for a continued 

rem odeling of th e  craniofacial complex th ro u g h o u t life (F igures 

77-78). It is also fairly  clear th a t with re sp ec t to age and sex , 

round bones or fla t bones behave alike. Growth has no age and 

tru e  bone expansion is an effect of age.

Significance

The p re se n t s tu d y  which dem onstrates continued craniofacial 

change with age has several im portant ram ifications. L ater life 

c h an g e s , though s u b tle , likely have a sign ifican t effect on the  

physical p ro p ertie s  of bone, the  den tition , th e  periodontium  and the  

T .M .J . At p re se n t much of w hat is known in re g a rd  to the  grow 

ing child and the edentulous aged individual is ex trapo la ted  to the  

ages in betw een. In dental d iagnosis, reco n stru c tio n , and su rg e ry  

th is is perhaps su ffic ien t, b u t certa in ly  not app ro p ria te . P roper 

diagnosis and trea tm en t of facial d iso rders  depends on an u n d e r 

stan d in g  of the grow th and developm ent of the human craniofacial 

com plex. H ence, the knowledge gained here  is not only of academic 

in te re s t ,  b u t also im portant clinically. In d e n tis try  th is  m aterial 

may form a baseline fo r the evaluation of craniofacial abnorm ality 

and pathology fo r use by the clinicians involved in the diagnosis 

and trea tm en t of the  aging individual.
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F igure 78. The stages of grow th and develop
m ent. A summary adapted  from a draw ing in the 
Bolton S tudy .
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F ig u r e  78

GROWTH POTENTIAL
MODIFYING FACTORS :

BIRTH
A

GENETIC DETERMINATIONS 

PHYSICAL WELL BEING

ENVIRONMENTAL

CONDITIONS

I
PUBERTY — TEMPORARY ACCELERATION IN GROWTH 

10 to 12 YRS. 12 to 14 YRS.
A> I

> fV
ADOLESCENCE —  sexual dimorphism

PLATEAUING OF GROWTH

1
=15-16 YRS.

18-19 YRS.

(d ) y o u n g  a d u l t SUBTLE CHANGES

ADULT BIOLOGY IS NEVER STATIC
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In reco n stru c tiv e  d en tis try  and orthodontics, m aintenance of 

the s ta tu s  quo, "occlusal s tab ility " , is though t to be an im portant 

conceptual basis fo r diagnosis, treatm ent and research  (G raf and 

G eering , 1977). In co n trast change and a lte ring  spatia l re lationship  

may be the more im portant conceptual view and physiologically 

c o rrec t ch a rac te ris tic  of the adu lt.

In terms of re s to ra tiv e  d e n tis try , several general o b serv a

tions are  of significance. Notably some severe th ird  molar impac

tions were apparen tly  not noted even u n d e r  rou tine dental care. 

Also it was readily ap p aren t th a t the  g re a te s t source of damage to 

th e  tee th  was cerv ical abrasion from to o th b ru sh in g . R estorative 

m aterials were assessed  to be in good condition for those made of 

gold (and  silver points and g u tta  percha for endodontic p ro ced 

u r e s ) ,  while old amalgam resto ra tio n s  were generally  judged  in poor 

condition. Although all p a rtic ip an ts  were repo rted ly  u n d er care a t 

p re se n t,  most dental resto ra tions p re se n t w ere "old".

For the p ro sth o d o n tis t these  resu lts  may explain why some 

d en tu re s  poorly occlude a f te r  a num ber of y ears . A loss of al

veolar c re s t and re su ltan t loss of vertica l dimension may play a role 

in th is  observation , bu t so may grow th . Also in reg a rd  to p ro s

th e tic  tooth arrangem ent it may be necessary  to re th in k  a rra n g e 

m ents on the basis of soft and h a rd  tissue  age changes so as to 

p rev en t an "18 y ea r dental look" in an aged individual. Tooth 

a rrangem ent in relation to soft tissu es  and age should not be con

tra d ic to ry  unless th a t  is a goal. F u r th e r , realizing th a t grow th
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may be o ccu rrin g , in the fu tu re  it may be possible to make use  of 

th is possibility  fo r formation on the arches instead  of observ ing  loss 

of alveolar bone.

In re g a rd  to periodontics, aging should be though t of as 

positive o r increasing  ra th e r  than in the negative degenerative 

terms commonly used in reference to age re la ted  loss of inv estin g  

bone, tee th  and alterations of m andibular morphology. Age itse lf 

does not mean tooth loss or bone loss. Much to th e  co n tra ry .

Ainamo (1978) in summing the re su lts  of previous (X -sec- 

tional) stud ies in re g a rd  to the relationsh ips between soft tissu e  

(m ucogingival junction , attached  gingiva) and h ard  tissu e  s t r u c t 

u res  (nasal floor, lower b o rd er of the m andible, cementoenamel 

junction) deduced th a t grow th of the alveolar process occu rred  with 

age (20's to 50 's). This view is also shared  by Weinman (1941), 

A nneroth and Eric son (1967), Loe and L istgarten  (1973), and 

B atenhorst et al. (1974). Ainamo felt th is was the cause of an 

increase in facial heigh t with age as noted in the  lite ra tu re . In 

males, Ainamo (1978) fe lt th e re  was some age related  increase in the 

maxillary basal bone in agreem ent with H ersberg  and Hohc (1943), 

and Baer (1956). The increases noted by Ainamo were noted h e re , 

b u t in view of the ever changing osseous s tru c tu re s  he used  as 

stabile landm arks, the stab ility  of the soft tissue  arrangem ent can 

be questioned . Mazeland (1980), B atenhorst et al. (1974), Boyd 

(1978) and Dorfman (1978) how ever, have indicated  increasing  

gingival width with age. W hatever the re su lt ,  it is clear th a t an 

increase  in alveolar heigh t is possible in the  absence of pathology.
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In re g a rd  to the occlusion it is v e ry  clear th a t tee th  can 

and do change in position with age. The changes, both in bone 

and tooth position are su b tle , b u t change does occur and th is  wiU 

have significance as the tee th  re la te  to occlusal s ta tu s . I t is clear 

th a t microns of movement occur p e r  y ea r, b u t it is also clear in te r-  

occlusal discrim ination is 10-20 microns (MoUer, 1978). As such  an 

occlusal adjustm ent should not be considered  defin itive, b u t ra th e r  

palliative as time wül a lte r  re la tionsh ips so carefully  g round  in.

The resu lts  of th e  T .M .J . examination are d iscussed  else

w here, b u t suffice it to say th is  s tu d y  provides little  basis  by 

which fu tu re  T .M .J. symptoms could be p red ic ted . In sp ite  of 

"poor" occlusions. Little T .M .J . d is tre ss  was seen.

In re g a rd  to o rthodon tics , age has h istorically  p layed  an 

im portant p a r t in designing  trea tm en ts fo r the adolescent. This 

s tu d y  contends no less im portance should be given to tre a tin g  the 

ad u lt. As adu lts  do change th ro u g h  time, it is a t the v e ry  least 

n ecessary  to use "age loaded" s tan d a rd s  (a t p re se n t--ad o le sce n t)  to 

assess  the  ad u lt. If th is  was no t done d u rin g  the form ulation of a 

den to -skele ta l d iagnosis, i t  is no t unreasonable to imagine th a t an 

orthodontic  p a tien t sen t to an oral surgeon m ight also have a genial 

reduction  on the  basis th a t the  pa tien t is 50 y ea rs  of age (o r 

ra th e r  because they  are  not 18) ra th e r  than  because th e ir  lower 

face heigh t was too long for th e ir  age. Also, in diagnosis and 

trea tm en t assessm en ts, it is clear th a t the  basic ten en ts  of superim 

position (based  on a poin t of grow th cessation) rem ains a problem .
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Perhaps the methods of Bookstein will successfully  circum vent th is 

problem .

In developing pred ictive aids reg a rd in g  facial grow th and 

th ird  m olars, it is obvious th a t the p re se n t information is not 

included in such schem es, which make them more incomplete than 

they  p resen tly  are . This m aterial will be usefu l in assessin g  the 

need for extraction  of th ird  m olars. P erhaps an aw areness of 

change beyond the teen y e a rs , will elicit the  development of new 

"clinical laws" reg a rd in g  th ird  molars and grow th. C ertainly  p re 

sen t " th ird  molar prediction" schemes are flawed in th e ir  d isreg a rd  

of the  possibility  fo r change a f te r  18 years of age.

In terms of treatm ent of ad u lts , the  amount of grow th 

p re se n t over a two year treatm ent will have no su b stan tiv e  in 

fluence (beneficial o r negative) on trea tm en t. This ^  especially 

im portant to note in reg a rd  to "functional app liances" , and th is 

s tu d y  should not be used  as justification fo r th e ir  use m a d u lts . 

T hat is because, when applied to a s tan d a rd  Class II malocclusion, 

if normal adult m axillary grow th is slowed and normal adu lt m andibu

la r growth is simply perm itted  or slightly  enhanced , it is estim ated 

th a t in the absence of o ther factors the functional appliance would 

have to be worn more than a decade o r more to effect the co rrec 

tion .

In reg a rd  to re lapse , th is s tudy  has a d irec t bearin g . 

O rthodon tists  have a concept th a t a fte r  b races (especially  with 

re ta in e rs )  th a t we as o rthodon tists  a re  totally responsib le , th ro u g h  

our care and treatm ent for lasting  perfection  and stab ility . How
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ev er, the o rthodon tis t has little  control over the biological aspects 

of change and even less control over the feeling of guilt and  d is

honor should the p e rfec t resu lt find  its way into the closet. C er

tainly th ere  are re lapses when certa in  physiological re la tionsh ips are 

overwhelmed by im proper d iagnoses, appliances and im proper tech 

nique (overexpansion , incomplete correction , poor up r ig h tin g , 

e tc . ) ,  b u t o rthodon tis ts  m ust admit the possibility  of p o st-o rth o d o n 

tic change over time due to the continued grow th of th e  craniofacial 

complex, and certa in ly  we should diminish the gu ilt when it does 

occur. On the o th er hand , the p re sen t re su lts  should be u sed  to 

enlighten and form the basis fo r fu r th e r  study  and not form the 

basis for excuses.

On the basis of re su lts  contained in the p re se n t s tu d y  it

would be fairly  easy to envision clinical laws which might su g g est

some c rite ria  fo r expecting  re lap se . On th e  basis of the p re sen t 

s tu d y , a suggestion  can be made th a t a trea ted  case 's fu tu re  

grow th may lead to relapse o r may even enhance the  co rrection . 

The re su lts  also su g g est Angle Class II females malocclusion may be 

more prone to relapse  a fte r  trea tm en t and during  adulthood than 

Class 11 males. Sim ilarly, Class III males would be more p rone to 

relapse than  Class III trea ted  fem ales. The aw areness of the 

even ts of adult change serve to form an appreciation for the pos

sibilities in th is reg a rd .

In reg a rd  to su rg e ry  of the face , it may be forensically

in ap p ro p ria te  to apply late adolescent s tan d a rd s  to ad u lt p a tien ts  as

is common practice  at p re se n t. Also, the question of when to su rg -
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erize , based on the prem ise of w aiting un til grow th ceases, should 

be sc ru tin ized , especially in view of some of the  dram atic changes 

p re se n t in the tw en tie s . P uberta l grow th m arkers may indicate the 

end of p u b e rty  b u t not the end of craniofacial g row th . More likely 

a slowing. P erh ap s, in balance, a series  of cephalogram s should be 

taken  (if rem aining grow th is im portan t) to determ ine th e  ex ten t of 

c h a n g e .

This m aterial may also be used  to provide some information 

reg a rd in g  o rthognath ic  su rg e ry  re lap ses . Some long term relapse 

may be the re su lt of the poor g ro w th , ev iden t p r io r  to s u rg e ry , 

re -e x p re ss in g  itse lf a f te r  su rg e ry , and not the  re su lt  of poor 

techn ique . What would be more desirab le is to actually  affect a 

change in the osseous s tru c tu re s  and th e ir  fu tu re  grow th so even 

though  they grew , the grow th was now in balance.

In clinical sciences, if one is dealing with den ta l or facial 

reconstruc tion  w here s tab ility  of the adu lt craniofacial a rch itec tu re  

is assum ed, expected  and desired  and supposedly  necessary  to 

stabilize the sometimes sub tle  nuances of dental reco n stru c tio n  and 

s u rg e ry , the clinician is assum ing a somewhat niave position . It is 

un tenab le  really  to consider the  craniofacial skeleton and its  grow th 

is sw itched off like a lig h t switch (o r  a dimmer) and th e re a fte r  is 

not capable of change. To th ink  th a t the craniofacial complex has 

e n te red  a period w here the ev e r-so -resp o n siv e  face of p re p u b e rty  

and p u b e rty  is no longer in flic ted  with changes in environm ental 

p re s su re  o r ability  to a lte r  is not logical. Change is the  only s u re 
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ty  du rin g  adulthood as a sub tle  response and continued confor

mation of the organism  in re g a rd  to its  s ta te . R egardless of the 

sophistication of the corrective  technology , if the biology of the 

system  being  co rrec ted  is not known or app rec ia ted , correction  is 

likely to ultim ately faü and deemed a technological failure o r an 

u n fo rtu n a te  accident of biology. However, biology itse lf makes few 

m istak es .

In re la ted  discip lines, the re su lts  here may have some 

m eaning. In term s of speech alterations with age a change in the 

in te rn a l and ex te rn a l skull a rch itec tu re  is compatible with known 

a ltera tions in speech q uality , notably reduced  vowel form ant f re 

quencies (K ent, 1979).

For radiology it is im portant to recognize the  a ltered  den

s ity  of the s tru c tu re s  to be rad iog raphed . Soft tissu e  shields used 

in cephalom etrics may have to be a lte red  fo r the ad u lt. This would 

also effect m easurem ent of the  m ineral content of bone.

In forensic and anthropom etric reco n stru c tio n , identification 

and judgem ent of age it is n ecessary  to realize the adu lt changes. 

When realized , th is  may be used  to advantage; w ithout it , induced 

confusion may re su lt. In anthropom etric c ross-sectional s tud ies  

among populations, samples are  usually  grouped on the basis  of 

den ta l condition. Beyond the  erup tion  of th ird  m olars, p ro p er 

ag ing  of m aterial may be difficult in the  absence of d iscre te  tra its .  

One would w onder if m easures of "robustic ity "  were valid unless 

age and p a tte rn s  of adult bone gain and loss were carefu lly  taken 

in to  account.
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For the re sea rc h e r  th is information should be of worth in 

im proving in sig h t into facial grow th p ro cesses, provide data fo r 

comparison with o th e r p ast and fu tu re  s tu d ies , form a baseline fo r 

evaluation of craniofacial abnorm alities and pathology, help in c ran io 

facial prediction schemes and a ss is t those involved in p a tte rn  reco g 

nition and craniofacial taxonomy. In re g a rd  to teach ing , th is  

m aterial is expected  to provide a new, previously  non -ex isten t block 

of information in reg a rd  to communicating and u n d erstan d in g  the 

attainm ent and aging of physical m orphology. Perhaps this m ateri

al, how ever, will be of g re a te s t value relevan t to the development 

of new concepts of grow th , developm ent, and aging and the evalua

tion of these  new data in the  ligh t of old p rinc ip les.

As a concept in the s tudy  of ag ing , it may be im portant to 

recognize the idea of continued grow th in reg a rd  to life s p a n . 

Animals which continue to grow indefinitely  have poorly defined life 

spans o r it is not possible to say what the  Life spans are (K ohn, 

1978). With increasing  time we may be growing more slowly and 

aging more rap id ly  as an inverse  developm ental p rocess (McCay, 

1952; Simms, 1956) which may be inh ib ito ry  or con trad ictory  in 

n a tu re . Lengthening  of life may be the re su lt of continuing grow th 

(K ohn, 1978). In a more general sense before the aspects of aging 

can be p red ic ted  and controlled , they m ust be described . This is 

an attem pt in th is  reg a rd .

T h u s, p erh ap s  th e  significance of th is work is p erh ap s  

forem ost in term s of reopening one's th ough ts  to the possibility  of 

change in the adu lt.



CHAPTER V 

CONCLUSIONS

It is c lear the ability of cells, tissues and o rgans to p ro 

duce change in the  craniofacial complex ceases perhaps a t death  and 

not at some developm ental event along the way. Growth as defined 

c o n tin u es . The im portance of the s tu d y  is not in the amount (a l

though th is  may be im portant clinically) b u t ra th e r  th a t change 

could and did o ccu r—which in essence reaffirm s a physiological 

p rincipal which in th o u g h t could well be used  someday by the  

clinician to influence and d irec t bone form ation.

This grow th cannot be explained solely on the  basis of 

rem odeling and th u s  is co n tra ry  to contem porary though t reg ard in g  

the  mechanisms of craniofacial grow th.

1. Considerable craniofacial a lteration occurs beyond 17 
years of age in th e  hum an.

2. Growth of the craniofacial skeleton continued into the 
oldest age spans s tud ied  in an apparen tly  decelerating  
m anner.

3. Both size and shape a ttr ib u te s  of the craniofacial 
complex altered  with time. D ifferential change was 
e v id e n t.

4. In young adulthood the d irections of grow th were 
apparen tly  specific to the individual and sex. In la te r 
adulthood v ertica l dimensional change appeared  com
mon .

5. Growth of males d iffered  from th a t of females. Females 
were smaller at all ag es , grew le ss , and grew in a 
more v ertica l direction than  females.
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6. M andibular plane ro tations in a forw ard direction were 
seen in males with po ste rio r ro ta tions in the  fem ales. 
Com pensatory changes were noted fo r the d en titio n .

7. An ap p aren t deceleration of grow th in the females in 
th e  teen years was followed by a resum ption of in 
c reased  activ ity  in the tw en tie s .

8. Besides size, males and females showed dim orphism  
especially  in the region of the  o rb it with th e  female 
dem onstrating  a more u p rig h t and su p erio r o rien ta tion .

9. Enlargem ent of th e  3rd cervical v e r te b ra  in terms of 
ex te rn a l dimensions was dem onstrated .

10. O rtho don tically tre a ted  cases and those individuals 
w ith multiple tooth loss also dem onstrated continuous 
change, b u t the n a tu re  and amount was d iffe ren t from 
u n tre a te d  dentally  healthy in d iv id u a ls . S ignificant 
d ifferences were noted in the  size and position of the 
mandible and development of the midface.

11. Soft tissu e  changes were dram atic as expected , of a 
g re a te r  n a tu re  th an  skeletal a lte ra tio n , and prim arily 
involved an elongation of the  nose, f la tten ing  of the 
lips and augm entation of the chin.

Death is bu t an end to dying

Montaigne

Death is b u t an end to grow ing

Sinclair
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KEY TO CALCULATION ILLUSTRATIONS

M easure: 4 d ifferen t types of m easures are dem onstrated .

SIMP = Simple linear d istance between two points

PDIS = L inear perpend icu lar distance betw een a point and
a line

3PTA = An angu lar m easure involving 3 points

4PTA = An angu lar m easure involving 4 points

T -T est: 2 d iffe ren t co n tras ts  are shown.

A paired  T - te s t  is indicated  by "T" fo r initial to final ages
P

and "T" for paired  with a lte red  initial ages, 
age

A two-sample T - te s t  is specified as "T" fo r a male-female 
co n tra s t. SEX

"T" for an u n tre a te d -tre a te d  c o n tra s t; and 
UNTX

"T" fo r an un treated-m ajor dental problem co n tra s t. 
Dental

Significance Levels :

* = probability  0.05

** = probability  0.01

*** = probability  0.001
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APPENDIX B

In Search of T ru th  for the Greater 

Good of Man:

A Chronological Account of the Bolton-Brush Growth Studies.
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This account begins as all other significant research  under

takings always begin : with researchers and their ideas preceding

the research . Often, when opportunity is provided, men who are 

energetic, intelligent, committed, resolute, visionary, and in terested  

in investigating m an, significant contributions to humanity are 

possible. This is obviously true  for those in the Bolton-Brush 

Growth S tudies, beginning with the strong leadership of Dr. T . 

Wingate Todd and Dr. B. Holly Broadbent.

1907

The h istory  of The Studies s ta rt with Dr. T. Wingate Todd 

(1885-1938) who in 1907, upon graduation with honors from the 

University of Manchester Medical School, subsequently served for 

four years there as a dem onstrator and lec tu rer in surgical anat

omy. He cultivated a hfelong in te rest in anthropology and develop

ed in te res ts  in pediatrics and radiology.

1912

In this year Dr. Carl Hamann was named the Dean of the 

Western Reserve Medical School, and he requested Sir A rthur 

Keith, a world renouned anatomist and anthropologist, to recommend 

his own replacement in Anatomy. Dr. Keith suggested Dr. Todd. 

T hus, in 1912, Dr. Todd (Figure 1) was enticed to come to the 

United States to accept appointment in the Department of Anatomy 

in the School of Medicine of Western Reserve U niversity as the firs t
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Henry Wilson Payne Professor of Anatomy. In 1915 Dr. Todd 

in terupted  his teaching to join the Canadian army during WWI.

1918

Dr. Todd retu rned  to teaching at his former post. He 

continued and expanded his early in terests in the areas of compara

tive and human anatomy with a special emphasis on pediatric anat

omy. During years following he expanded and developed a superb 

collection of human and primate skeletal materials in the anatomical 

museum initiated under his predescessor, Dr. Hamann. This was 

later to be known as the Todd-Hamann Collection comprising literal

ly thousands of human and primate skeletons (now housed and 

actively utilized at the Cleveland Museum of Natural H istory). The 

human material of the collection resulted  from Todd's keen in terest 

in human anatomy, especially for children. In search of more and 

more knowledge in this area, he and others convinced the Ohio 

General Assembly to pass legislation perm itting local hospitals, the 

Cleveland Workhouse, and undertakers to donate cadavers to medi

cal schools for research and teaching. For a dozen years there

after he was able to study the cadavers of unclaimed pauper child

ren of Cleveland.

In these studies, in which it is said he studied as closely 

and tenderly as he did the living, the resu lts were rew arding— 

resulting in numerous publications--bu t to him also limited and 

fru s tra tin g . Most of the children had secumbed to diseases such as 

tubercu losis.
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Todd realized tha t disease had distorted and re ta rded  the body 

growth processes and therefore results based on dissecting room 

material had limited applications to normal growth and development. 

He spoke of th is often, apparently from fru s tra tio n , as he felt 

science knew more about sickness and abnormality than h e a lth . As 

a resu lt he felt medicine taught mainly only the recognition of 

established disease, and that the teaching of normal growth was 

based improperly on non-normal material.

In recognition of these limitations Todd desired:

. .. the opportunity  to investigate developing organs under 
favorable circum stances, and anatomy plus radiography and 
observations of healthy children can provide this oppor
tun ity  . . . .  forward from the cradle, not backward from the 
m orgue.

1924

In this year a development which would later prove very 

significant began with the appointment of Dr. B. Holly Broadbent 

Sr. (1894-1977) as a research fellow in the Department of Anatomy 

under D r. Todd.

Dr. B roadbent, in 1914 while working in a d rafting  room of 

Wellman, Sever & Morgan Co. (running  a shop, p reparing  machine 

p lans), met D r. Varney Barnes through son Dick, who was a Boy 

Scout. This association led to an in terest in d en tis try , and in 1916 

he entered  the Western Reserve University Dental School. Studying 

anatomy under Dr. Todd, HoUy Broadbent began to develop his 

life-long in te res t in facial morphology and grow th. In 1919 he 

graduated from Dental School and then worked with D r. W. E.
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Newcomb as a clinical associate until 1921. He m arried Bernice 

Mathews and traveled to California to attend the famous Angle 

School of Orthodontia, from which he graduated in 1924.

In 1924, Dr. Broadbent, now an orthodontist, had become 

in terested  in dentofacial research . One of his f irs t contributions 

was the idea to include a metric scale on Dr. Todd's craniostat (an 

instrum ent used to hold a skull in a fixed position) which permitted 

d irect measurements of dentofacial s truc tu res on dry skulls ( i .e . ,  

the craniom eter).

1925

Dr. B roadbent, with Dr. Todd's help, extended the capa

bilities of the craniometer by adding an x -ray  film holder ( i .e . ,  the 

roentgenographic craniom eter). This made possible precise standard 

ization of cranial x -ray s using dry skulls.

During this time, in his orthodontic p rac tice . Dr. 

Broadbent had been using non-standardized lateral head x -rays of 

his patien ts, obtained from the firm of Hill and Thomas, to help in 

diagnosis by determining facial and soft tissue relationships. 

However, it was obvious that without standardization these lateral 

x -ray s could not meaningfully demonstrate changes through time.

1926

In this year. Dr. Broadbent adapted the roentgenographic 

craniometer, previously used for holding only dry skulls in a fixed
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position, to hold the head of a living subject whüe precise lateral 

and posteroanterior radiographs were taken ( i .e . ,  the roentgeno

graphic cephalom eter). The prototype was made of wood and a 

short time later remade in metal in the Department of Anatomy 

machine shop, thus introducing a standardized piece of equipment, 

and the procedure to use it, perm itting precise, reproducible, 

comparable x -rays of a child's growing face at intervals on through 

to adult life. Detailed in ternal study of the growing head and face 

in individual children through time had now become possible (Figure 

2 ) .

Dr. Broadbent demonstrated that:

1. The application of precise methods of measurement used by 

the physical anthropologist in orthodontic practice was a 

decided advantage toward a more scientific solution of o rtho

dontic problems.

2. By means of a headholder and a standardized roentgeno

graphic technique, it is possible to make accurate d e te r

minations of changes in the living head resulting from 

growth or orthodontic treatm ent.

3. Such a technique perm itted study and measurement of these 

changes in the same individual. This eliminated the uncer

tainty of measuring changes by comparison of dimensions of 

different individuals at successive ages.
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4. This roentgenographic technique reg istered  the craniometric 

landm arks of the face, cranial base of the living head which, 

here to fo re , had only been measured on dead skulls with the 

cran iosta t.

5. P resent (then) standards compiled from measurements of the 

dry  skulls of children were largely a measure of inappropri

ate m aterial. A dead chüd could rep resen t an anatomically a 

defective one because growth could have been affected by 

w hatever condition previously existed.

6. This craniometric technique has the decided advantage of not 

req u irin g  determination of hard -tissue  landmarks deep to the 

covering of soft tissues of uncertain th ickness.

7. Such roentgenograms reveal areas in the cranial base that 

show little change between certain ages. These areas offer 

more stable reference s truc tu res for relating  x -ray  tracings 

and afford a very accurate base for measuring changes in 

the tee th , jaws and face.

1926

The Early Studies

In this year and continuing into 1927 Dr. Todd, working 

out of the Department of Anatomy with a small g ran t from the 

Cleveland Health Council and with the approval of the Cleveland
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Board of Education, conducted a limited study (600 children) on the 

health of well-developed children in the S tearns Road Grade School. 

(U nfortunately these children were lost to follow-up due to a tempor

ary in terruption  of funds in 1928.)

1927

The above mentioned project, provided impetus for con

tinuing exploratory , longer-term  studies into the characteristics of 

a healthy child, and a three year exploratory study was begun. 

Todd arranged  summer exams for ages 6-14 through the Cleveland 

Board of Education and the staffs of two public schools. These 

exams were conducted as a health "contest" among the children, the 

rew ard being a short holiday at a summer camp under the auspices

of the Cleveland Welfare Federation and the local p ress.

The s tu d y , involving more than 200 children and conducted 

with the assistance of graduate students and medical studen ts , 

consisted of standard  anthrpom etric exams (external body meas

u re s ) , an assessm ent of p resen t health , radiographs of 6 areas of 

the body , various behavioral responses and a recording of familial 

background. Children with problems were re fe rred  to family phy

sicians. The resu lts of the studies were reported  to the adminis

tra to rs  and teachers who had helped in conducting the study , and

the winners went off to camp.

1928

This year was significant in many w ays. The initial summer
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examination study was again conducted with groups of children from 

other schools plus some of the original group recalled for a second 

examination. Thus a t the end of the second summer ju st over 700 

examinations of individual children had been conducted.

Also in 1928 the soundness and worth of the project was 

recognized locally and Nationally. It was realized that the nature 

of human growth processes were clarified when data collected con

secutively was added to school records, parental observations and 

examinations by the family physician. In this regard new funds for 

conducting studies such as these now became available. Several 

philanthropic organizations (Laura Spehnan Rockefeller Memorial, 

General Education Board of the Rockefeller Foundation, U. S. 

Public Health Service) matched community g ran ts-in -a id  for the 

longitudinal study of healthy children across the United States in 

order to improve the National standards for reference of growth. 

Community funds were given notably by the Brush Foundation and 

the Bolton Fund, among others (Cleveland Foundation, Associated 

Foundations, e tc . ) .

The year of 1928 was notable, fu rth e r , in regard  to the 

input of Charles Francis Brush (1849-1929). This man (Figure 3) 

was a world famous inventor-genius responsible for the develop

ment, for example, of the arc light, open coiled dynamo, storage 

b a tte ry , and Liquid a ir. His electric company later was consolidated 

to form the General Electric Company. He enjoyed lifelong in te rests  

in such diverse subjects as electricity , g rav ity , outer space, and 

race betterm ent. FoUowing his son's untimely death, he created in
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his memory the Brush Foundation by establishing a research fund 

of $500,000. The mission was research and education toward "the 

end that children shall be begotten only under conditions which 

make possible a heritage of mental and physical health, and a 

favorable environm ent."

In October of 1928, the f irs t research program undertaken 

by the Brush Foundation was entitled "Health Inquiry" under the 

direction of T. Wingate Todd. The purpose was to search out the 

"normal developmental growth process". Dr. Todd was chosen by 

Mr. Brush as a logical choice (described as: a skeletal anatomist, 

pediatrician, b rave , persuasive , broadly cultivated, contagiously 

enthusiastic, and with demonic energy) for the f irs t Director in 

addition to his duties as Professor of Anatomy in the School of 

Medicine.

Also in 1928 it had become clear that Dr. Broadbent's work 

was making a unique contribution to precision radiography. D iscus

sions of this new technique with the Honorable Frances Payne 

Bolton had already began in 1926. This lady was well known for 

her lifetime devotion to public service (la ter serving in the Cong

ress of the United S ta tes), philanthropy and in terest in normal 

childhood growth (F igure 4 ). Subsequently, encouraged by Dr. 

Broadbent and Dr. Todd, Frances Payne Bolton and her son estab

lished the Charles Bingham Bolton Fund in October of 1928. It was 

designed to subsidize a period of study covering five years as an 

independent bu t coordinated study in conjunction with the Brush 

In q u iry . The in tent of the study was to determine what occurred
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in the facial skeleton and dental areas during growth and develop

ment. This major effort subsequently became known as the Bolton

Study of the Development of the Face of the Growing Child. Sup

port continued well beyond the initial five year period, with son 

Charles Bingham Bolton (Figure 5) participating as a prominent 

research  associate. It was then the largest privately endowed 

research  program in all of den tistry . Mrs. Bolton also encouraged 

o ther comparable studies over the years by providing some 40 

cephalometers to many institu tions and researchers throughout the 

United States as well as abroad (Table I) .

1929

On May 29, 1929 it was announced to the public that a

Cleveland center for the longitudinal study of children was to be 

established and to be named the Brush Inquiry .

It was hoped tha t the study of living ch ild ren , with

grow th, development and maturation documented at successive 

in tervals through the childhood years, would show why some

thrived  and others did not. The aim was more than saving children 

from disease, it was to determine how to confer on them such 

physical and mental superiority  as to ensure life and happiness. 

The year 1929 was also historic in that in May, Dr. Broadbent 

p resen ted  a paper dem onstrating the cephalometric technique which, 

along with some other of his papers and p resen ta tions, predate the 

landmark publication "A New X-Ray Technique and its Application 

to Orthodontia" (1931, Figure 6).
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TABLE I

BOLTON ROENTGENOGRAPHIC CEPHALOMETERS SOLD OR 

DONATED TO INSTITUTIONS OR INDIVIDUALS

Institutions

1. Army Medical Center, Army Medical Department and Graduate 
School, 1949, Washington, D.C.

2. Baylor U niversity, 1963-1964, Dallas, Texas
3. University of Buffalo, 1953, Buffalo, New York
4. University of California, 1942, San Francisco, California
5. Eastman Dental D ispensary, 1960, R ochester, New York
6. A lbert Einstein Medical Center, 1959, Philadelphia, Pennsyl

vania
7. Forsyth Infirmary attached to Harvard U niversity, 1940, Bos

ton, M assachusetts
8. Guy's Hospital Dental Department, 1955, London, England
9. Hebrew U niversity, 1962, Jerusalem , Israel

10. Hillman Hospital, 1945, Birmingham, Alabama
11. U niversity of Illinois, 1932, Chicago, Illinois
12. U niversity of Indiana, 1960, Indianapolis, Indiana
13. University of Manitoba, 1960, Winnipeg, Manitoba, Canada
14. M arquette U niversity, 1957, Milwaukee, Wisconsin
15. Mayo Clinic, 1958, Rochester, Minnesota
16. College of Medical Evangelists, Loma Linda U niversity, 1955, 

Loma Linda, California
17. University of Melbourne, 1950, Melbourne, Victoria, Australia
18. University of Minnesota, 1954, Minneapolis, Minnesota
19. Mount Sinai Hospital, 1955, Cleveland, Ohio
20. National Institu tes of Health, Department of Health, Education 

and Welfare, 1954, Bethesda, Maryland
21. University of N ebraska, 1954, Lincoln, Nebraska
22. New York U niversity, 1949, New York, New York
23. Northwestern U niversity, 1942, Chicago, Illinois
24. Northwestern U niversity, 1963, Chicago, lUinois
25. Ohio State U niversity, 1954, Columbus, Ohio
26. University of Oregon, 1949, Portland, Oregon
27. Oxford U niversity, 1954, Oxford, England
28. University of Pennsylvania, T. W. Evans Museum, 1949, Phila

delphia, Pennsylvania
29. U niversity of Pennsylvania, 1964, B ryn Mawr, Pennsylvania
30. U niversity of P ittsburgh , 1963, P ittsbu rgh , Pennsylvania
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TABLE I CONTINUED

31. Seton Hall U niversity, 1958, Orange New Jersey
32. University of Southern California, 1950, Los Angeles, Cali

fornia
33. University of Tennessee, 1954, Memphis, Tennessee
34. University of Texas, 1955, Houston, Texas
35. University of Toronto, 1950, Toronto, Ontario, Canada
36. University of Washington, 1949, Seattle Washington
37. Washington U niversity, 1949, St. Louis, Missouri
38. West Virginia U niversity, 1960, Morgantown, West Virginia

Individuals

1. D r. J . WiUiam Adams, 1954, Indianapolis, Indiana
2. Dr. A rthur Lewis, 1949, Dayton, Ohio
3. Dr. Phelps J . M urphey, 1954, DaUas, Texas
4. Dr. Morse R. Newcomb, 1950, Shaker Heights, Ohio
5. Drs. Frederick and Harold Noyes, 1939, Chicago, Illinois
6. Dr. Wilham M. Thompson, 1954, P ittsbu rgh , Pennsylvania
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Charles Brush died June 15, 1929 at the age of eighty. 

His will provided for the study of race improvement and the ration

ale for world-wide population limitation. A g ran t-in -aid  for a 

period of five years was provided from his estate to extend the 

Western Reserve University Study into a comprehensive longitudinal 

study of the a ttribu tes of healthy growth.

T hus, with a continuation study established, the th ird  

annual health contest was extended over a six month period in 

1929, and it took on special importance. Each school homeroom was 

asked to select a boy and a girl who best exemplified ideal h ea lth . 

Teachers and students also selected those who were judged as the 

scholastic and social best. In that summer, 104 finalists were 

examined and on the basis of some 900 factors, the winners were 

named.

More importantly, perhaps, this contest was also used to 

broaden the scope of previous examinations and evaluate a carefully 

struc tu red  set of research tes ts  for the long term studies. Many 

notable Cleveland specialists and o ther Nationwide scientists aided 

Dr. Todd in p reparing  the record protocol used in 1929 and event

ually in the longitudinal study . Tests were organized in five 

different areas (Table II).

The 1929 recruitm ent of subjects was also carefully planned 

in regard  to preparing for a longitudinal study and consideration of 

the a ttribu tes of optimum growth rates and the conditions affecting 

them. Many more schools had become involved in the contests 

(Table 111).
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TABLE 11 

TESTS

1. Physical

h st of body measures (25)
radiographs of 6 skeletal areas (hand, elbow, shoulder, 
hip, knee and foot)

2. Mental

psychological tests 
behavioral tests

3. Functional Health Inquiry

family physician reports
hand-eye coordination tests
psychomotor development
food preference inquiry
streng th  of muscle test
foot p rin ts in weight bearing and sitting

4. Genetic and Environmental Antecedents

questionnaire about personal and family education, health 
s ta tu s , familial illnesses tendencies, occupation and rec re 
ation

5. Dentofacial

photographs
tooth and mouth conditions 
unique radiographs of jaw alignment 
tooth impressions
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TABLE III 

SCHOOLS INVOLVED IN THE STUDIES

Public Schools

Cleveland 
E ast Cleveland 
Cleveland Heights 
Shaker Heights 
Lakewood 
Euclid

P riva te  Schools

W estern R eserve Academy 
U niversity  School 
Hawken School 
Hathaway Brown School 
Laurel School 
Park  School

N u rsery  Schools

School of Education
W estern R eserve N ursery  School
Day N ursery  Association
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By the  fall of 1929 all plans and forms had been finalized , 

and D rs. Todd and B roadbent were actively re c ru itin g  p a rtic ip a n ts  

fo r the longitudinal s tu d y  about to begin .

1930-1938

This period was m arked by in tense  activ ity  by both  the  

B rush  and Bolton S tud ies. E very  th ree  months in babyhood (0-1 

y ear of ag e); every  six m onths u n til 5 years and then ev ery  year 

th ro u g h  adolescence, ch ild ren  re tu rn e d  to the  s tu d y  (usually  on 

b ir th d a y s )  fo r sometimes two fuU days of te s tin g  d u rin g  which they  

shuffled  about in p ap er s lip p e rs , were m easured, x - ra y e d , p u t 

blocks in holes, were te s ted  fo r stead iness of h an d , drew p ic tu re s , 

took te s ts ,  e tc .

At one time D r. Todd had some 50 ass is tan ts  making every  

re levan t observation  and te s t at every  v is it. In sp ite  of the  ever 

in creasin g  activ ity  all te s ts  were perform ed in a way as to p rov ide  

com fort, in stü l confidence and prov ide for a sense of secu rity  fo r 

the  c h ild re n . Most ch ildren  looked forw ard with enthusiasm  to the 

n ex t v is i t .

Also d u ring  th is  time new p artic ip an ts  were continually  

re c ru ited  into the s tu d y , o r r a th e r  were inv ited . At various times 

babies were selected , at o th e r times ado lescen ts, and some a d u lts . 

All were s tud ied  consecutively  (se ria lly ) for v a ry in g  num bers of 

y ears  (F igu res 7-11).

The p a rtic ip an ts  have often been charac terized  as selected  

from the p riv ileged , r ic h , u p p e r c la ss , and families w here the  h u s-
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THE n s /
B r u s h  F o u n d a t i o n

C M A A U C S F .  # * W * M  
• e * a *  m* M A «A *«aa
T . WIMAATK r o o o  
JOCL. # . MAVOIM 

OB N O T M V  N.  DICK 
MOBCM a .  P B M K I N a  

m o # L V M  w a i n
^a n o M B  c . F i a n a n  « 1 0 »  A O C U B K H T  f l O A D

■  n e Ô K ^ Ï H C P A M D  C L E V E L A N D

Sear Hr. and Mrs.
Would you te interested in having your child undergo a 

phyeical examination by the Brush Foundation at regular time 
intervale for several years? Our research division is making a 
study of the physical and mental development of young children and 
we are particularly anxious to carry on an intensive study of 
three hundred selected children over a period of years. The plan
of this study involves the examination of:

1. Children under one year of age every three months.
2. Children between one year and five years of age every 

six months.
3. Children over five years of age once a year.

We believe that your child is in the--------age group.
If you decide to Join us in this endeavor it is essential that you 
do your part by keeping a record which would involve about a half 
hour's work each week. We will, of course, explain this in greater 
detail at your first visit. The record thus made will form an 
exhaustive story of your child’s development and will be your 
property as soon as copies can be made.

It is customary for us to furnish the parents and the
child's physician e report after each examination. We are glad 
to consult the latter concerning the child's record. We give 
advice concernihg the well-being of the children we examine, point 
out the need for profeseional attention when such is indicated by 
our Z-ray findings and physical examinations. We do not give 
professional medical advice but refer all such matters to the 
physician in charge of the child.

Please signify your interest in participating in this 
research by filling out and returning the enclosed form to us.

Very truly yours.



635

B r u s h  r o u n o A tlo n  S tu d y  o f  G ro w th  b u L  D ev o lo ^ m o n t

I  w is h  t o  e n r o l l  %ny c h i l d  i n  t h i s  s t u d y  o f  g r o w th  a n d  d e v e l o ^ n t ,

Sazae _____________________________________

A d d r e s s .

T e le p h o n e  n u m b e r .

BaBW o f  C h i l d  S i r t h d a t e

T & vher*8  ITame A ge

Ho th e  r '  s  Jam e  A ge

ra m e  o f  c h i l d *  s  p h y s i c i a n

A d d r e s s  _______________________________________ ________ ____

Do y o u  c o n s i d e r  t h a t  y o u  a r e  p e r m a n e n t  r é s i d a n t s  o f  g r e a t e r  C le w s  la n d ?

, i r e  y o u  r e a s o n a b l y  c e r t a i n  t h a t  y o u r  c h i l d  w i l l  n o t  b e  aw ay  f ro m  C le v e l a n d  
* o r  l o n g  p e r i o d s  o f  t im e  d u r i n g  t h e  n e x t  f o u r  y e a r s ?  _ _ _ _ _ _ _ _ _ _ _ _ _

C an y o u  b e  r e a s o n a b l y  c e r t a i n  o f  h a w in g  y o u r  c h i l d  i n  o u r  o f f i c e s  w i t h i n  f o u r  
d a y s  a f t e r  n o t i c e ?

D a ta  c o n c e r n i n g  o t h e r  c ^ i i& r a n  

Sam e B i r t h o a t e  B i r t h p l a c e  S ex

Do y o u  d e s i r e  t o  e n r o l l  y o u r  o l d e r  c h i l d r e n  i f  t h e y  f a l l  w i t h i n  o n e  o f  o u r  
a g e  g r o u p e ?   _______ _______________ _

Do y o u  w i s h  t o  c o n s u l t  w i t h  a  aaem ber o f  o u r  s t a f f  b e f o r e  m a k in g  a  f i n a l  
d e c i s i o n ?  _______________________________________________ ________
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Dear Hr. mad Mr#.
The Braah reaeareta #%#&!## of the grevth aad 

development of young ohlldren la  th e ir  progrès# to  aa ta rlty  
has entered the th ird  year. During the eours# of th is  in* 
▼eetlgatioB «# have regularly  examined the ohlldren in  
attendanoe a t the Vestem Reeerve Morsery Sohoel. The name 
o f your ohlld appears on the  sa ltin g  l i s t  a t the  oureevy 
■ehool. Te are anxious to enroll your child  in  our regular 
b i-yearly  examinations nos.

Our examinâtions consist of
1. An Z»rsy determination of sk e le ta l 

development.
(This i s  not te  he eonfhaed s i th  a 
regular routine physieal examination.)

a. An Z»ray determination o f tooth and jam 
development.

S. Psyehologloal examinations o f motor sad 
mental developswnt.

#e slab  to  examine your child  onoe every s ix  months u n til  
he is  five  years old, and th e rea fte r onoe a year. These 
exnninntlons are to  made s ith in  tso  days of h is  birthday 
and of the day narking the six months age in te rs s l .

The child*# physician reeeivee a  fu l l  report 
a f te r  ssoh sxaednation and vs spprse ia te  information from 
him eeneemlng the c h ild 's  record. We do not give pro- 
feaeional medical advice but re fe r  a l l  such matters to  ths 
physioian in chargs.

Please sign ify  your in te re s t in  p a rtie ip a tiag  
in  th is  researoh by f i l l in g  out sad returning th s  enclosed 
form to  us.

Tory tru ly  yours.

T. Wingate Todd

®



637

T H E
B r u s h  F o u n d a t i o n

6MAMLKB F. #*W*M 
■ •» ManaSBKs
T.  W I N « A T C  TO OO  
, * e S k  # .  HA YBBM 

e e n o T H v  m. diCk 
n e m c n  » .  f k n a i m s  

A O S k V N  wcin 
JBAOMK e. riBMSA 

e.  a. •■MkKK 
•■eoMB aMBVAne

Dear
In rep ly  to  your Inquiry the a e r ia l h ea lth  exam ination o f  

the Brush Inquiry i s  a study o f .th e  w e ll o h ild  w ith  a view to  

r e g is te r in g  h is  h ea lth  re se r v e s .
The ezsmina.tlon c o n s is ts  o f  d eterm in ations o f

1 , P hysica l growth by measurement.

2 , P hysica l development by I -r a y .

3 . Reuro-museular development by t e s t s  o f  
sniscular stren g th , con tro l and 
coord in ation .

4 .  Wechanicel a b i l i t y  and mental p rogress.

In a d d it io n , by cooperation w ith  the Bolton Study, an 

in v e s t ig a t io n  o f  the growing fa c e , te e th  and resp ira to ry  passages  

i s  made on each c h ild .

The exam ination la s t s  about two hours and i t s  a c tu a l 

c o s t  to  the Foundation i s  $50.00.
The Board o f  Admissions review s each a p p lic a t io n . I f  

th e  c h ild  can tie f i t t e d  in to  th e research  program, th e  p aren ts pay 

th e sum o f  $25.00 per year toward the c o s t  o f  exam ination. T h is  

sum i s  s e t  as en annual su b scrip tion  so th a t exam inations can be 

made a t  whatever in te r v a l the a scerta in ed  progress o f  th e c h ild  

may in d ic a te , w ithout furth er c o s t  to  th e p aren ts.

I f  th e parents o f  a c h ild  handicapped by d is a b i l i t y  or 

d e b i l i t y  d es ir e  h ie  in c lu s io n  t h is  can be done on a c o n su lta tio n  

b a s is .
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Page 2,

Ho child is pdaitted to the progrsm without the consent 
of the pediatrician or fsmlly physician in charge of the child.
All the technical reports of progress pre made only to thst 
physician chosen by the parents, though the parents themselves 
receive a shorter pnd more general report.

These reports are m»dç as oruickly as the facilities at 
the Inquiry's dlsposel permit. The physicien in charge can always 
get en oral report on reouest a few days after the eraminetion.

Children ere examined es a routine at the following 
intervals. . -

Infants? Every thrçe months; l,e.,
3 months, 6 months, 9 months,
12 months. . .

Toung Every six months; i.e..
Children: on or about the birthdny and

mid-way between two birthdays.
Older Every year on or about the
Children: birthday.

The part which the parents undertake Is full cooperation 
in regularly bringing in the child for examination and in pro
viding us with e diary of dietetic and medical history as 
requested from time to time.

If these provisions meet your approval please notify the 
Admissions Secretary who will then transmit your application to 
the Bosrd and report their decision to you.

Tours sincerely,

T. Wingate Todd.
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band held a professional or u p p e r m anagerial position. The h e r it

age of these  children has also been characterized  as Am erican-born 

ch ild ren  of Anglo-Saxon or Teutonic o rig in s , children of Sicilian 

im migrants o r black ch ild ren . T his, how ever, is not en tire ly  accu r

ate . I t  is an o u tsid e r 's  average view an d , to the  ex ten t it is tru e  

is more likely incidental and not an in ten t. The b est normal people 

("well b o rn ") were selected , not the rich est by any means. Dr. 

Todd had  only a few requirem ents (F igure 12). In those days, 

these  were in essence easy to satisfy  if the family physician recom

mended partic ipation  and the p a ren ts  did likewise. However, accept

ance was not viewed lightly ; being  identified  as a w ell-born healthy 

child and being included in th is  famous Cleveland s tu d y  was con

sidered  an honor as a m ark of distinction and good health . P a r

en ts  also fe lt th a t inclusion in the study  might d irectly  benefit th e ir  

chüd , because the study  gave recommendations, and made re fe rra ls  

should a problem be noted (p reven tive  m edicine!); they  also felt 

they w ere partic ip a tin g  in valuable research  which would benefit 

generations to come (F igure 13). (Indeed the  selection factors may 

be fo rtu ito u s  in term s of applying the find ings to p resen t day 

c h ild re n . )

The x -ra y  studies were considered an invaluable tool in 

estab lish ing  perm anent reco rds of the ch ild 's  growth and develop

m ent. Because bones are  acutely sensitive fo r reflec ting  o ther 

body conditions, they  provide perm anent reco rds with reg ard  to 

effects on the grow th process of race, sex , age, m aturity  and the 

h is to ry  of ailm ents, acciden ts, s tre s s , s tra in  and o th er shortcom 

ings of h ea lth . For many years thousands of x -ra y s  were taken by
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P a r t i c ip a t io n  In  th e  R esearch  S tu d ie s  o f  th e  Brush 
In q u iry  r e q u ir e s :

1 . i^ p ro T a l o f  th e  fam ily  p h y s ic ia n ,  o r  th e  s p e c ia l  p h y e lc la n  
ta k in g  c a re  o f  th e  d h l ld .

3 . X -rays a t  s t a t e d  I n t e r v a l s .  I n  th e  s tu d y  o f ado lescen ce
th e s e  a re  to  o ccu r once a  y e a r  on o r  n e a r  th e  b ir th d a y .

3* P sy c h o lo g ic a l azo m in a tlo n s on o r  n e a r  b ir th d a y .

4 . Complete p o o p e ra tlo n  o f  th e  p a r e n ts  In  p ro v id in g  a l l  In fo r 
m atio n  and re c o rd s  co n ce rn in g  t h e  c h i ld  re q u ir e d  by th e
In q u iry . - This w i l l  in c lu d e  c u r re n t  re c o rd s  on th e  h e a l th  
and b eh av io u r o f  th e  c h i ld .

5 . k perm anent re s id e n c e  in  C lev elan d  o r  I t s  v i c i n i t y .

6 . R e s p o n s ib i l i ty  o f  p a r e n t s . t o  see  t h a t  th e  c h i ld  a r r iv e s
a t  th e  p la c e  o f  ex am in a tio n  p ro m p tly  a t  th s  tim e s e t  
on th e  ^ jp o in tm e n t d a te ,  .

1 .  A r e p o r t  o f  th e  In q u iry  o f  f in d in g s  and r e s u l t s  o f  each
ezo m ln a tip n  w i l l  bo s e n t  to  th e  d e s ig n a te d  p h y s io ia n  
a s  soon a f t e r  th e  ex am in a tio n  a s  a v a i la b le  d a ta  can be 
c o l l e c te d ,

2 . The In q u iry  g u a ra n te e s  th e  s t r i c t  p r iv a c y  o f a l l  ro o o rd s .
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M rs. W. Kuenzel and h e r  a ss is tan ts  as ind icato rs or milestones of

biological p rocess (F igu re  14). (D r. Todd called Mrs. Kuenzel an

e x p e rt and  a gen ius. Today a healthy  recall p artic ip an t at 82 

y ea rs  of age , she recalled  much of the  p re se n t inform ation for the 

p re se n t h isto rica l rev iew .)

Some p rev ious ideas of m atu rity  (sim ply to be tall and thin 

was th o u g h t to be well developed and m ature; ju s t to be sh o rt and 

fa t was reg a rd ed  as poorly developed and im m ature) were clarified 

and expanded  considerab ly . Skeletal m aturation as ano ther key 

m easure of physical h ea lth , less sub jec t to fluctuations than merely 

h e ig h t and w eight, was soon noted to be a most reliable source of

indication  of m atu rity  of the individual ch ild .

The roen tgenographic cephalom etric technique received 

special d istinction  th ro u g h o u t th e  y ea rs . Remembered by p a rtic i

p an ts  as th e  "ear to r tu re  machine" th is ap p ara tu s  and the findings 

it  y ielded became v ery  im portant to the o rth o d o n tis t and o ther 

health  d isciplines (F igures 15-17). I t  was clear th a t the  face 

quickly  reflec ted  th e  health  of the  p a tien t, and th a t many diseases 

of childhood influence the  grow th p a tte rn s  of the head and face. 

This u n d e rs tan d in g  gleaned from cephalom etric re sea rch  came to 

exemplify the  basic in ten t of the s tud ies  and  th e ir  application.

The animated motion p ic tu re  "Normal Dentofacial Growth", 

developed by the  Bolton S tudy  with the active partic ipation  of 

C harles Bingham Bolton, p rovided a g raph ic  rep resen ta tio n  of the  

changes th a t occur d u rin g  childhood. The im portance of these 

achievem ents, exemplified as "cephalom etrics", has become realized , 

and they  have become adopted by the  o rthodon tic  profession as
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stan d ard  practice and are taugh t in all orthodontic tra in in g  p ro g 

ram s. Also an in te g ra l p a r t  of teach ing , the sub ject facial growth 

and development reflects largely  the foundations laid by "cephalo- 

m etrics". In  view, cephalom etrics rep re sen ts  the  g re a te s t single 

advance in th e  science and practice  of orthodontics (T an n e r, 1981).

A full inven to ry  of phychological te stin g  was also perform 

ed. Forty  d ifferen t m ental, sk ill, ap titude and personality  te s ts  

were conducted. Home behavior, sleep behavior and o th e r tra its  

assessed  (th e  yearly  questionnaire  had 588 e n tr ie s ) . Many s ta n d 

ard  te s ts  commonly used  in psychology to assess "abnormal" had to 

be d iscarded  when th e  s tu d y  began because these te s ts  were not

applicable to "normal" c h ild re n . Rorschach ink-b lo t te s ts  were

rev ised .

Some in te re s tin g  re su lts  were noted in the  "bra in  wave" 

t e s t s . All prev ious work in this area was based on abnormal or 

b ra in -in ju red  ch ild ren . I t  had been previously  published  elsew here 

th a t a "problem b rain  wave" indicated a problem child. This was 

totally d iscred ited  by the s tudy  as th is "problem brain  wave" was 

seen time and time again in happy , balanced children who p resen ted  

no problem a t all.

1938

D r. T . Wingate Todd died in December of a h e a r t a ttack . 

His life-long work was widely acclaimed. In 26 fru itfu l years  he

had in troduced  many innovative methods in the  teaching of anatom y,

developed v as t collections of human and prim ate skeletal m aterial, 

estab lished  an astonish ing  Departm ental L ib ra ry , was ed ito r of Child
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D evelopm ent, was a member of the White House C onference, and was 

elected a Fellow of the Royal College of Surgeons. At his death 

many s tu d y  p artic ip an ts  wrote the lab u rg in g  continuation of his 

w ork, and more funds were ex tended  from the  Rockefeller Founda

tion to th is  end .

1939

Realizing the demanding positions Todd had held . Dr. 

Normand H oerr was named as T odd 's  successo r for the Chair of 

Anatomy, and Dr. William Walter G reulich became the second D irect

o r of the B rush  Inqu iry  in the D epartm ent of Anatomy. D r. 

G reulich 's appointm ent would la te r  re su lt  in one of th e  B rush  In 

q u iry 's  main achievem ents; th a t of the  timing of human ovulation by 

means of body tem perature f lu c tu a tio n s . This is s till used to 

supplem ent o th e r, new er methods fo r  e ith e r achieving or avoiding 

p reg n an cy . D r. B roadbent continued as D irector of the Bolton 

S tudy  in addition to his ex tensive p riv a te  p rac tice  of o rthodontics.

1939-1942

D uring th is period the exam inations continued and new 

enrolees were accepted . However, due to the  m ounting p re ssu re s  

of w ar the  program  began to reduce in scope and m agnitude. The 

m ental and physical te s ts  were at f i r s t  sh o rten ed , then discon

tin u ed , and finally summarized for publication. Also, in 1942, 

because of the  lack of x -ra y  film and  technical help , films of the 

h an d , elbow, shou lder, h ip , knee and foot were d iscontinued as a 

full se rie s . Recordings for he ig h t, w eight and x -ray s  of the  hands
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were tra n s fe rre d  to the Bolton S tudy . By the end of 1942, it was 

decided th a t active te s tin g  fo r the B rush  Study would cease. It 

had become, how ever, th e  la rg e s t, longest-te rm , most ex tensive 

s tu d y  on children and  adu lts  y e t accomplished (F igure 18). Two- 

h u n d red  and fifty  thousand  x -ra y s  had  been taken , 22,000 physical 

exam inations, 90,000 m ental and psychological te s ts  had been made 

all on some 4,000 children  (F igure  19). Emphasis would now be 

given to the compiling and publication of re su lts .

1944

D r. William G reulich was elected P rofessor of Anatomy in 

the School of Medicine a t S tanford U niversity  bu t continued as 

D irector of the B rush  Foundation un til 1950.

1946

D r. IdeU Pyle, who had  been associated with the study  

since 1940, was asked by D r. H oerr to complete h e r  doctoral c red its  

u n d e r him by compiling films fo r an a tlas. This was subsequen tly  

accom plished, as were four o th e r atlases of normal grow th of v a r i

ous body regions. D r. Pyle continued h er lifelong dedication to the 

s tu d y  of human skeletal m aturation until re tirem ent, for health 

reaso n s , in 1981.

1948

Realizing the value of its  w ork, the Bolton S tudy became a 

D epartm ent of the  Dental School and organized a curriculum  to 

teach normal craniofacial growth to dental s tu d en ts .
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K H N  R s s c n v c  U N I V E R S I T Y  

S C H O O L  O P  M C O i C l H C  

S 1 0 #  a o s l s c r t  r o a o

C L S V S L A N O .  O h i o

■ MUSM rOWMOATIOM

I n  a e e o rd m n c e  w i th  t h #  o r i g i n a l  p l a n ,  t h e  B r u s h  F o u n d a t io n  s t u d y  o f  t h e  
g r o w th  a n d  d e v e lo p m e n t  o f  n o r m a l  c h i l d r e n  w i U  b e  c o q i l e t e d  o n  J u n e  3 0  o f  t h i s  
y e a r .  N e x t  y e a r  w i l l  b e  d e v o t e d  t o  w o r t in g  u p  a n d  p r e p a r i n g  f o r  p u b l i c a t i o n  
t h e  v a s t  am o u n t o f  d a t a  w h ic h  h a s  b e e n  c o l l e c t e d  d u r i n g  t h e  p e r i o d  o f  s t u d y .  
C lo s e  p u b l i c a t i o n s  w i l l  m ake a v a i l a b l e  t o  p h y s i c i a n s ,  p a r e n t s ,  a n d  a l l  o t h e r s  
i n t e r e s t e d  i n  c h i l d r e n  a  sum m ary o f  w h a t h a s  b e e n  l e a r n e d  a b o u t  hum an g ro w th  
a n d  d e v e lo p m e n t  i n  t h i s ,  t h e  m o s t  c o m p re h e n s iv e  i n v e s t i g a t i o n  o f  i t s  k i n d  t h a t  
h a s  e v e r ,  b e e n  u n d e r t a k e n .  I t  i s  g r a t i f y i n g  t o  me t o  be a b l e  t o  a n n o u n c e  t h a t  
t h i s  i m p o r t a n t  s t u d y  o f  c h i l d  d e v e lo p m e n t  m ade b y  t h e  l a t e  O r .  T .  P l n g a t e  Todd 
h a s  b e e n  s u c c e s s f u l l y  c o m p le t e d ,  a n d  t h a t  we b e l i e v e  t h a t  t h e  a s s e s s m e n t  o f  
t h e  w o rk  w i l l  e s t a b l i s h  a  s i g n a l  a d v a n c e  i n  e x i s t i n g  k o o w le g e  i n  t h i s  f i e l d .

O u r s t u d y  h a s  b e e n  a i d e d  b y  s u b s t a n t i a l  g r a n t s  f ro m  t h e  G e n e r a l  E d u c a t i o n  
B o a rd  o f  t h e  B o e k e f e l l e r  F o u n d a t i o n ,  t h e  C le v e l a n d  F o u n d a t i o n ,  a n d  o t h e r  c o 
o p e r a t i n g  a g e n c i e s .  I n  a  v e r y  r e a l  s e n s e ,  h o w e v e r ,  i t  w as m ade p o s s i b l e  o n ly  
by  t h e  g e n e r o u s  c o o p e r a t i o n  o f  t h e  p a r t i c i p a t i n g  c h i l d r e n  a n d  t h e i r  p a r e n t s .
L e t  me y o u  m o s t  s i n c e r e l y  f o r  e fa a t y o u  p e r s o n a l l y  h a v e  d o n e  t o  m ake t h i s
p r o j e c t  a  s u c c e s s .

F o r  t h e  d u r a t i o n  o f  t h e  w a r ,  t h e  w i j o r  a c t i v i t y  o f  t h e  B r u s h  F o u n d a t io n  
w i l l  b e  i t s  c h e m ic a l  « " d  e n d o c r i n e  s t u d i e s  p e r t a i n i n g  t o  t h e  w a r  e f f o r t  w h ic h  
w e r e  u n d e r t a k e n  r e c e n t l y  a t  t h e  r e q u e s t  o f  t h e  N a t i o n a l  R e s e a r c h  C o u n c i l .  I t s  
M t e r a a l  h e a l t h  p r o g r a m , i t s  i n v e s t i g a t i o n  o f  t h e  c a u s e s  o f  s t e r i l i t y ,  a n d  i t s  
s t u d y  o f  t h e  s o c i o l o g i c a l  a n d  b i o l o g i c a l  i m p l i c a t i o n s  o f  f e e b l e - m i n d e d n e s s  w i l l  
a l s o  b e  c o n t i n u e d .  I n  t h e s e  a s  w e l l  a s  i n  i t s  f u t u r e  a c t i v i t i e s ,  I  t r u s t  t h a t  
t h e  B ru s h  F o u n d a t io n  w i l l  h a v e  y o u r  c o n t in u e d  i n t e r e s t  a n d  s u p p o r t .

l o u r s  v e r y  t r u l y ,

R. R. Greulich,
D i r e c t o r ,  T he a r u s b  F o u n d a t i o n .

RRG:HD
P . S .  T he B o l to n  S tu d y  o f  t h e  d e v e lo p m e n t  o f  t h e  f a c e  a n d  e r u p t i o n  o f  

t h e  t e e t h ,  w h ic h  i s  u n d e r  t h e  d i r e c t i o n  o f  D r .  B . H o l ly  B r o a d b e n t ,  
w i l l  b e  c o n t i n u e d ,  t h u s  a s k i n g  a v a i l a b l e  t o  t h e  p a r t i c i p a n t s  f u r t h e r  
p r o g r e s s  r e p o r t s  on  d e n t o - f a e i a l  d e v e lo p m e n t .
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1952

In 1952 ano ther even t occu rred  which was to have con

siderab le  impact on the Bolton S tudy. This was the  addition of D r. 

B Holly B roadben t, J r .  as a re search  and teaching  associate . He 

had  g rad u a ted  from W estern Reserve U niversity  Dental School, 

s tu d ied  orthodontics u n d e r his fa th e r 's  gu idance, and then  began 

conducting  a busy  orthodontic p ractice with his fa th e r; like the  

fa th e r , the son was deeply in te re s ted  in the s tu d y  of facial grow th.

1959

In 1959, it was decided th a t th e  Bolton S tudy would e sse n 

tially  term inate and active enrollm ent ceased . More time was now to 

be sp en t stu d y in g  and collating the v a s t pool of inform ation collect

ed . Since the s tu d y  rec ru ited  sub jects fo r some 30 y e a rs , with 

ongoing stud ies continuing fo r many y ears  on the o rig inal ch ild ren , 

th e  ages obtained now included many young a d u lts . The num ber of 

su b jec ts  included approached 6,000. F o rty  to fifty  thousand  p la s te r  

cas ts  of ch ild ren 's  tee th  w ere g a th ered  from the  period  of the 

deciduous dentition  th rough  the erup tion  of th ird  m olars, some 

40,000 x -ra y s  were on reco rd  for s tu d y , an average of 15 films 

w ere taken  p e r  p a rtic ip a n t, 600-2,000 x -ra y s  were available p e r  age 

(av e rag e  of 1 ,170), 3 p u re  longitudinal cohorts ex is ted , etc  (F ig u re  

20 ) .

1967

In 1967 D r. B roadben t, S r. su ffered  a s tro k e , which even-
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tually  n ecessita ted  h is re tirem ent in 1969. To en su re  th a t his work 

was ca rried  on , D r. B. Holly B roadben t, J r .  was named D irector of 

the  Bolton S tudy .

1970

In 1970 u n d e r the direction of Mr. Charles Bolton, D r. 

David Weir (Chairman of the B oard of M anagers of the B ru sh  Found

a tio n ), D r. B . Holly B roadben t, S r. and D r. B. Holly B roadbent, 

J r . ,  it was decided th a t the  B rush  Inq u iry  records still housed in 

the School of Medicine could be b e s t utilized in re search  and teach

ing by combining all m aterials in one cen te r to be called the Bolton- 

B rush  Growth S tudy C en ter. This was to be located in the new 

Bolton Dental Building of Case W estern R eserve U niversity  (F igures 

21-22), where th e  C en ter continues today.

1973-1975

This was a landm ark period when the "Bolton S tandards" 

were f irs t p re sen ted  at the  T h ird  In te rna tional O rthodontic Con

g re ss  in London (1973). The S tandards w ere then  methodically and 

m eticulously p rep a red  and published  in 1975 (F igu re  23). This 

p rov ided  clinicians and re sea rch e rs  with an invaluable tool fo r 

u n d ers tan d in g  and assess in g  the grow th of the craniofacial complex.

Mr. William Golden, a re sea rch  associate with the  Bolton 

S tudy  from 1945 to 1981, was a co -au tho r of th e  S tan d ard s. He 

co n trib u ted  his un ique a r tis tic  and  technical abilities to both the 

re sea rch  and the teach ing  activ ities of the C en ter. He exemplifies 

the dedication of the  many persons involved in the work of the
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THE BOLTON-BRUSH GROWTH STUDY CENTER 
SCHOOL OF DENTISTRY, C .W .R .U .

AN ASSOCIATION BETWEEN THE BOLTON STUDY AND THE BRUSH INQUIRY

S u b m i t t e d  b y :  M r. C . B . B o l t o n ,  D r .  D. R . W e i r ,  D r . B . H . B r o a d b e n t ,  S r .  e n d  
D r . B . H . B r o a d b e n t ,  J r .

T o : D ean  D a v id  S c o t t ,  C .W .R .U . S c h o o l  o f  D e n t i s t r y  a n d  P r e s i d e n t  R o b e r t  M o r s e ,  C .W .R .U .

B a c k g ro u n d

S i n c e  t h e i r  o r i g i n  i n  t h e  l a c e  1 3 2 0 ' s ,  t h e  B ru s h  I n q u i r y  a n d  t h e  B o j co n  F u n d  
h a v e  b e e n  a  f u n c t i o n a l  p a r t  o f  t h e  t e a c h i n g  a n d  r e s e a r c h  p ro g ra m s  o f  t h e  C .W .R .U . 
S c h o o l  o f  M e d ic in e . A lth o u g h  e a c h  h a s  m a in t a in e d  i t s  a u to n o m y  a n d  c a r r i e d  on  
i n v e s t i g a t i o n s  o f  t h e  sam e c h i l d r e n  a n d  y o u th s  t h r o u g h  in d e p e n d e n t  f i n a n c i a l  
s u p p o r t ,  t h e r e  h a s  b e e n  a  l i r e c t  a s s o c i a t i o n  b e tw e e n  th e m , w i t h  t h e  D e p a r tm e n t  
o f  A n a to m y , a n d  a l s o  t h e  S c h o o l  o f  D e n t i s t r y .

T h e  B o l t o n  S tu d y  h a s  d i r e c t e d  i t s  i n t e r e s t s  p r i m a r i l y  t o  t h e  i n v e s t i g a t i o n  
o f  d e n t a l - f a c i a l  d e v e lo p m e n t a l  g r o w th  a n d  c e p h a l o m e t r l c  t e c h n i q u e s ,  w h i l e  c o n 
t i n u i n g  t o  t a k e  r e c o r d s  o f  many r e t u r n i n g  p a t i e n t s  who w e re  i n  t h e  B ru s h  I n q u i r y .  
T h e  B ru s h  r e c o r d s  o f  hum an  d e v e lo p m e n t ,  s i n c e  t h e  c e s s a t i o n  o f  a c t i v e  d a t a  c o l 
l e c t i o n  i n  1 9 4 2 , h a v e  b e e n  s c o r e d  I n t a c t  w i t h  t h e i r  p r im a r y  u s e  i n  t h e  d e v e lo p 
m e n t o f  s k e l e t a l  x - r a y  s t a n d a r d s  b y  O r e .  W i l l i a m  W a l t e r  G r e u l i c h ,  t h e  l a t a  
B o rm and  L .  H o e r r ,  S .  I d e U  P y l e ,  a n d  t h e i r  a s s o c i a t e s .

S i n c e  1 9 6 5 , D r .  P y l e ,  i n  a d d i t i o n  t o  o t h e r  a c t i v i t i e s ,  h a s  b e e n  e n g a g e d  i n  
t h e  t r a i n i n g  a n d  a d v i s i n g  o f  m e d ic a l  s t u d e n t s  i n  t h e  r e a d i n g  o f  w r i s t  x - r a y s  
u n d e r  t h e  a u s p i c e s  o f  t h e  D i v i s i o n  o f  H e a l t h ,  E d u c a t i o n ,  a n d  W e lf a r e  f o r  d e t e r 
m i n a t i o n  o f  s k e l e t a l  m a t u r a t i o n  f o r  t h e  N e t i c n a l  H e a l t h  E x a m in a t io n  S u rv e y  o f  a  
r e p r e s e n t a t i v e  s a m p le  o f  c n i l d r e n  a n d  y o u t h s  f ro m  f o r t y  a r e a s  o f  t h e  U n i t e d  S t a t e s .

An A s a n o l a t i o n  f o r  P r o d u c t i v e  U se  o f  t h e  C o l l e c t e d  D a ta

W ith  t h e  p h y s i c a l  m ove o f  t h e  B o l t o n  S tu d y  t o  i t s  new  q u a r t e r s  i n  t h e  S c h o o l  
o f  D e n t i s t r y ,  a n d  b e c a u s e  o f , t h e  c l o s e  c o r r e l a t i o n  c f  t h e  r e c o r d s  a n d  i n d i v i d u a l s  
i n  t h e  B o l t o n  S tu d y  w i t h  t h e  B ru s h  I n q u i r y ,  i t  w as  deem ed  p r a c t i c a l  a n d  a g r e e d  upo n  
b y  b o t h  g r o u p s  t o  o f f i c i a l l y  a s s o c i a t e  by  e s t a b l i s h i n g  t h e  B o l t o n - B r u s h  G r w t h  
S tu d y  C e n t e r . P o t e n t i a l  a r e a s  o f  c o - o p e r a t i o n  i n  t h i s  a s s o c i a t i o n  l i e  i n :

A . T h e  J o i n t  r e c o r d s  o f f e r i n g  u n l i m i t e d  p o s s i b i l i t i e s  f o r  r e s e a r c h  a n d  
i n v e s t i g a t i o n  i n t o  t h e  a r e a s  o f  h u a a n  d e v e lo p m e n t a l  g ro w th  b o t h  f o r  
i n t e r e s t e d  i n d i v i d u a l s  o f  C .W .R .U . a n d  a l s o  t h o s e  f ro m  o t h e r  a r e a s  i n  
t h e  c o u n t r y  i n c l u d i n g  t h e  N a t i o n a l  I n s t i t u t e s  o f  H e a l t h .

B . T h e  c o n t i n u a t i o n  o f  t h e  c o l l e c t i o n  o f  l o n g - t e r m  r e c o r d s  t o  f u r t h e r  e x i ia n d  
t h e  r e s e a r c h  i n f o r m a t i o n  a v a i l a b l e  ( s e c o n d  a n d  t h i r d  g e n e r a t i o n s ,  e t c . ) ,  
a n d ,  m o re  i m p o r t a n t l y ,  t o  r e a s s e s s  i n d i v i d u a l s  w i t h  o r i g i n a l  r e c o r d s .

@
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D.

T h e  t r a i n i n g  o f  m e d i c a l  a n d  d e n t a l  p e r s o n n e l  i n  t h e  a r e a  o f  r e c o r d  
i n t e r p r e t a t i o n  a n d  c l i n i c a l  u t i l i z a t i o n .  T h e  r o u t i n e  u s e  o f  w r i s t  
% - ra y s  a n d  s h e l e t a l - m a t u r a t i o n  i n f o r m a t i o n  b y  t h e  o r t h o d o n t i c  
a t u d a n t s  h a s  b e e n  l i m i t e d  i n  t h e  p a s t ,  b u t  o f f e r s  a  f i n e  o p p o r t u n i t y  
f o r  c o r r e l a t i o n  o f  s k e l e t a l  a g e  w i t h  d e n t o f a c i a l  d e v e lo p m e n t .

T h e  c o m p u t e r i z a t i o n  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h e  s t u d i e s  f o r  
e x c h a n g e  w i t h  o t h e r  g r o w th  c e n t e r s  c o u l d  b e  w o r k a b le  a n d  v e r y  
a d v a n ta g e o u s .

f u t u r e  R e l a t i o n s h i p

T h e  B o l t o n  S tu d y  a n d  t h e  B ru s h  F o u n d a t i o n  w i l l  r e m a in  a u to n o m o u s  w i t h  t h e i r  
r e s p e c t i v e  B o a r d s  o f  T r u s t e e s  a n d  M a n a g e rs  c o n t i n u i n g  a s  b e f o r e .  T he " B o l t o n -  
B ru s h  G ro w th  S tu d y  C e n t e r "  w i l l  b e  a  d i s t i n c t  e n t i t y  u n d e r  t h e  f u n c t i o n a l  s t r u c 
t u r e  o f  t h e  S c h o c l  o f  D e n t i s t r y .  W i th in  t h e  U n i v e r s i t y  s t r u c t u r e ,  a p p o i n tm e n t  o f  
t h e  D i r e c t o r  o f  t h e  C e n t e r  a n d  t h e  A d v is o r y  C o m m itte e  w i l l  b e  t h e  r e s f ^ o n s i b i l i t y  
o f  t h e  D ean  o f  t h e  S c h o o l  o f  D e n t i s t r y  u p o n  re c o o m n e n d a tio n s  f r c m  t l . e  B o l t o n  a n d  
B ru s h  B e a r d s .  U pon f o r m a l  r e c o g n i t i o n  o f  t h e  G ro w th  S tu d y  C e n t e r  b y  t h e  U n iv e r 
s i t y ,  t h e  A d v is o r y  C o s n i t t e e ,  a s  s u g g e s t e d  o n  t h e  a t t a c h e d  o r g a n i z a t i o n a l  c h a r t ,  
w i l l  b e  d e v e lo p e d .  T h e  C o m m itte e  M em bers w i l l  b e  s e l e c t e d  o n  t h e  b a s i s  o f  t h e i r  
w i l l i n g n e s s  a n d  a b i l i t y  t o  l e n d  g u id a n c e  i n  t h e  a r e a s  o f  r e s e a r c h  p r o j e c t s .

V i s i t i n g  r e s e a r c h e r s  w i l l  h a v e  t h e i r  n am es  s u b m i t t e d  t o  t h e  D ean  b y  t h e  
D i r e c t o r  o f  t h e  S tu d y  f o r  f o r m a l  r e c o g n i t i o n  a s  U n i v e r s i t y  a f f i l i a t e s .  T h e i r  
d e s i g n a t i o n  w i l l  b e  d e t e r m i n e d  b y  t h e  i n d i v i d u a l  c i r c u m s t a n c e s ;  s u c h  a s ,
** R esea rch  A s s o c i a t e ,  R e s e a r c h  F e l l o w , "  e t c .

T h e  f i n a n c i a l  r e s p o n s i b i l i t y  o f  b o t h  t h e  B o l t o n  S tu d y  a n d  t h e  B r u s h  
F o u n d a t i o n  w i l l  c o n t i n u e  i n d e p e n d e n t l y  e x c e p t  i n  t h e  a r e a  o f  a  p o s s i b l e  a g r e e d  
s h a r i n g  o i  r e m u n e r a t i o n  t o  a n  a p p o i n t e d  " R e s e a r c h  S u p e r v i s o r "  o f  t h e  B r u s h  
r e c o r d s  a n d  o t h e r  f u t u r e  " j o i n t  v e n t u r e s . "  No f i r m  f i n a n c i a l  c o a s p l tm e n ts  a r e  
t o  b e  m ade a t  t h i s  t i m e ;  a n d  t h e r e  w i l l  b e  n o  f i n a n c i a l  r e s p o n s i b i l i t y  o n  t h e  
p a r t  o f  t h e  U n i v e r s i t y  e x c e p t  r e g a r d i n g  p h y s i c a l  s p a c e .

U n d e r  a  c u r r e n t  v e r b a l  a g r e e m e n t  w i t h  D ean  S c o t t  o f  t h e  S c h o o l  o f  D e n t i s t r y ,  
t h e  p h y s i c a l  a r e a  o f  t h e  B o l t o n  S tu d y  ( t h e  w e s t  e n d  o f  t h e  t h i r d  f l o o r  o f  t l ie  
B o l t o n  D e n t a l  B u i l d i n g )  w U l  .b e  a v a i l a b l e  r e n t ,  u t i l i t i e s ,  a n d  m a in t e n a n c e  f r e e ,  
f o r  a n  u n d e te r m in e d  l e n g t h  o f  t i n e .  I n  t h i s  s p a c e ,  t h e  B r u s h  r e c o r d s  w i l l  con 
t i n u e  t o  b e  h o u s e d ,  a n d  a  l o c a t i o n  f o r  t h e  p r im e  R e s e a r c h  S u p e r v i s o r  s u p p l i e d .  
G e n e r a l  w o r k in g  a r e a  f o r  s t u d e n t s  a n d  r e s e a r c h e r s  w i l l  b e  a v a i l a b l e  a s  a g r e e d  
b y  t h e  j o i n t  D i r e c t o r s  o f  t h e  B o l t o n - B r u s h  G ro w th  S tu d y  C a n t e r .  T h e  B o l t o n  S tu d y  
w i l l  m a i n t a i n  t h e  b a s i c  r e s p o n s i b i l i t y  f o r  t h e  p h y s i c a l  s p a c e  u t i l i z a t i o n .

F o rm a l  A c t i o n

S i n c e  i t  i s  d e s i r a b l e  t o  h a v e  t h e  B o l t o n - B r u s h  G ro w th  S tu d y  C e n t e r  a  
r e c o g n i z e d  e n t i t y  w i t h i n  t h e  U n i v e r s i t y ,  b o th  f ro m  t h e  s t a n d p o i n t  o f  i n t e r -  
f a c u l t y  a p p o i n tm e n t s  a n d  f o r m a l  r e l a t i o n s h i p s  w i t h  o u t s i d e  i n v e s t i g a t o r s ,  th e  
T r u s t e e s  o f  t h e  B o l t o n  S tu d y  a n d  t h e  B o a rd  o f  M a n a g e rs  o f  t h e  B ru s h  F o u n d a t i o n  
a r e  p l e a s e d  t o  a c c e p t  f o r m a l  r e c o g n i t i o n  o f  t h e  C e n t e r  a s  a n  i n t e g r a l  p a r t  o f  
t h e  S c h o o l  o f  D e n t i s t r y  o f  C a s e  W e s te r n  R e s e r v e  U n i v e r s i t y .

D a te

D r .  R o b e r t  M o rse  
P r e s i d e n t  

C a s e  W e s te r n  R e s e r v e  U n i v e r s i t y

D e a n  D a v id  S c o t t ,  D .D .S .  
S c h o o l  o f  D e n t i s t r y

D a v id  W e i r ,  M .D. 
f o r  t h e  B r u s h  F o u n d a t i o n

B . B e l l y  B r o a d b e n t ,  J r . ,  D .D .S .
f o r  t h e  B o l t o n  S tu d y _______
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Bolton investigations over the years .

1977

In th is y ea r Dr. B roadben t, S r. passed  away. Suffice it to 

say th a t B roadbent cephalogram s are still a prime instrum en t in 

diagnosing and tre a tin g  d iso rd ers  of facial grow th, ju s t as are 

Todd 's skeletal m aturation atlases used  in diagnosing and  tre a tin g  

children  with more general grow th d iso rd e rs . B roadben t's  accom

plishm ents were many as a dedicated scholar and P ro fessor of 

Dentofacial Anatomy since 1929 (F igure  24), b u t he wül probably  be 

most remembered fo r the cephalom etrlc p rocedure  designed to u n 

cover fundam ental aspects of facial growth (F igure  25). P erhaps his 

own words say it b e s t:

B. S tudy was at 9th and S t. C lair. Used Anat. & (?) 
q u a r te rs . No office, no s e c y ., no technicians, no fihng  
cab ine ts . J u s t  the idea, determ ination, and willingness to 
give of my time, and effo rt.

Also in th is  year a long-term  recall p roject was begun 

u n d e r the leadersh ip  of D r. B. HoUy B roadben t, J r . ,  D r. David 

Weir, Dr. Greulich and D r. Pyle. It was designed to recall the 

"Bolton Faces" (balanced  faces) and a group of individuals who had 

previously  been stud ied  ex tensive ly  as babies and young ch ild ren . 

The objective is to assess th e ir  p re sen t health  s ta tu s , and th is 

sizable s tudy  continues today.

In this year a fte r  the  death  of The Honorable F rances 

Payne Bolton, a f te r  many, many years of personal and  financial 

su p p o rt, such assis tance  ceased . The s tu d y  of Growth and Develop

ment lost an invaluable benefactor.
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tE P H A L O M E T R IC  RADIOGRAPHY

BROADBENT-BOLTON CEPHALOMETER
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Summary—A Beginning

Much is left out in a b rie f h istorical review such as th is . 

O ver the years many s tu d en ts  of child m aturation and dentofacial 

developm ent have utilized the  reco rd s , and a m ultitude of excellent 

re search  publications has em erged. Space does not perm it a fuU 

account of the m onographs, papers and books which have been 

based  on these  re co rd s , b u t th e re  are literally  h u n d red s .

It is also ev ident th a t th is wealth of data continues to be 

an invaluable and one-o f-a-k ind  reso u rce , and these  sto red  records 

continue to be v ital grow th records whose appreciation is not 

unique to a single g en e ra tio n . The work accomplished with m eticu

lous perfection  will not likely ev e r be u n d ertak en  again, and it will 

p rov ide  in sig h t into the continuum of grow th and development of 

ind ividuals for generations to come. With these m aterials we can 

continue to clarify  and u n d e rs ta n d  the m arvels of the laws g o vern 

ing  grow th and development to provide for new v istas in medicine 

and d e n tis try .

Today, th e re  are continued extensions of Todd's and B road

b e n t's  work as the B olton-B rush Growth Study C en ter, u n d er the 

w atchful eye of D r. B. HoUy B roadbent, J r . ,  continues to c a rry  on 

resea rch  in developmental grow th according to some of its original 

goals. The ultimate and continuing goal of the Study is the compi

lation of s tan d a rd s  of developmental grow th th a t may be used  as 

fram es of re ference  fo r th e  assessm ent of the m yriad changes th a t 

take place in the  grow th p rocesses of the  human b o d y .
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Regarding the  partic ipan ts  p resen tly  being recalled, now 

adu lt ,  it is clear they  still remain en thusias tic  and optimistic ("why 

did it take so long to call us back?"). They are  very  in te re s ted  in 

the  re su lts  of the re se a rc h ,  and are continually giving in terms of 

adding  to knowledge by partic ipa ting  in this valuable u n d e r tak in g ,  

as it may benefit o th e rs .  Tha t they remain in good hea lth ,  which 

was what b rough t them to the  original s tudy  years  ago, is a mark 

of distinction which remains. I t  was an honor to be included in the 

s tu d y ;  faith in the fu tu re  has drawn them back , for they  still feel 

the h o n o r , the caring  of the in v e s t ig a to rs , and p ro g ress  for human

i ty ,  is apparen tly  th e ir  goal. They were and still a re  indeed 

distinctive in health , and they  remain special in deed. T h u s , this 

h is to ry  is dedicated to the p art ic ipan ts  in the s tud ies .
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THIS HISTORY IS EXERPTED FROM 
THE FOLLOWING SOURCES:

Atlas of Skeletal Maturation, by  T. Wingate Todd, C, V. Mosbv, 
1937.

Life m O ur H ands , the Story of the Brush Foundation, by Theo
dore HaU, The B rush  Foundation, 1946.

"Frances Payne Bolton Honored", editorial rep rin ted  in the American 
Journal of Orthodontics, May, 1950.

A Radiographic S tandard  of Reference for the Growing Knee, by S. 
IdeU Pyle, Charles C Thomas, 1969.

Bolton S tandards  of Dentofacial Developmental Growth, by B. HoUy 
B roadbent, S r . ,  B.  HoUy Broadbent, J r .  and Wil l i am  H. Golden, C . 
V. Mosby, 1975.

The B rush  Foundation , by David R. Weir (ed ito r) .  The Brush 
Foundation, 1980.

"Dr. Todd's  Bones: The Macabrae CoUection that is Making Scien
tific History Here", by Mark GottUeb, Northern Ohio Live, 1982.
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PATIENT, ORTHODONTIST CORRESPONDENCE
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D ,  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

(2 16 1  3 6 »  3 4 6 9

Name
Address

Dear

This letter Is directed to you as a former participant in the Bolton 
Study; an investigation about normal developmental growth which began 
during the 1930's at the School of Medicine of Western Reserve Univer
sity. As you may recall, the Bolton Study investigation was conducted 
by Dr. B. Holly Broadbent, Sr. for the purpose of gathering dental and 
facial development information on "normal, well-developed" children 
which could be used as a unique baseline for comparison to pathological 
or "abnormal" developmental growth processes. This study continued 
actively until the I960's, and intermittent records have been gathered 
since then. The anonymous records of the Bolton Study were used in 
developing standards of facial growth entitled "The Bolton Standards 
of Dentofacial Developmental Growth" which was published by the C.V. 
Mosby Company in 1975. This valuable book is now used world-wide as a 
standard reference.

The Bolton Study Records are now housed in the Bolton-Brush Growth Study 
Center in the Bolton Dental Building, Case Western Reserve University.
We are privileged to have a small but active staff who are working with 
and have curatorship of the long term records of the Bolton Study. We 
are sure that you appreciate the value of these records, since compre
hensive radiographic studies of "normal" individuals are no longer being 
carried out and probably will not be conducted again in the foreseeable 
future.

Incidentially. Dr. Broadbent, Jr. is pleased, as are his three sisters 
who are between 48 and 56 years of age, to have been part of such unique 
and well planned investigations.

Our reason for writing at this time is to gain information on a question 
which is of significant interest to all researchers in growth and develop
ment. The question is: How does early growth and development, with their 
accompanying health related events, determine or modify the aging process?
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- 2-

It has been the latent desire of all those who have worked with the data 
to recall all the participants who can be located in order to determine 
their development and health record, since the original studies were com
pleted, and to study the aging process. Attached is a simple questionnaire 
about your past and present health with an inquiry as to whether or not you 
would be willing to have an examination. If you do not live in the Cleveland 
area, special arrangements to do this could probably be made in your city of 
residence. We hasten to add that, as in the past with all Bolton records, 
complete anonymity will be scrupulously observed. We would appreciate very 
much if you would make all the entries on the enclosed sheet and return it 
to us in the enclosed stamped envelope. Of course, there would be no charge 
for the examination.

This study is being coordinated by Dr. Rolf 6. Behrents, Director of 
the Orthodontic Clinic; you may contact him for an appointment at 
368-3272.

If you have any questions or suggestions relative to the above.
Dr. Broadbent, Jr. will be most pleased to talk with you. Be may 
be reached either at the Bolton Dental Building in the Case Western 
Reserve University Health Science Center (telephone 368-3268) on most 
any Wednesday or Thursday morning or, at other times, in his private 
office in Beachwood (telephone 464-7840). We would further like to 
emphasize that, because of the small number of persons being contacted, 
your individual assistance is extremely Important if the recall studies 
are to be significant!
Allow us, also, to express our sincere appreciation for your assistance 
in taking time to read this request and, hopefully, lending us your 
cooperation.

Cordially yours.

B. Holly Broadbent, Jr., D.D.S. 
Donald H. Enlow, Ph.D.
Rolf G. Behrents, D.D.S., M.S.
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BOLTON STUDY

ADULT-AGING RECALL

Name
(Please Print or Type)

Age_

Address Phone

Name of Physician_ 
(Optional)

_Name of Dentist^ 
(Optional)

Office Phone
HEALTH HISTORY

Please place checkmark under Yes or No in ALL spaces provided. If the answer is YES 
please describe on the reverse side of this sheet giving details such as dates, 
severity, resulting disability, and medications being taken now or taken in the past.

Yes No Yes No

1. Has your health been impaired?

2. Are you under physicians care for 
ocher than routine check-ups?

Have you had any of the following:

3. Oral, facial or neck surgery?

A. Tonsillectomy? Age___

5. Adenoideecorny? Age___

6. Other surgery?

7. Is surgery planned?

8. Heart Trouble?

9. High blood pressure?

10. Diabetes?

11. Rheumatic fever?

12. Tuberculosis?

13. Arthritis?

14. Thyroid disorder?

15. Blood disorder?

16. Bleeding tendency?

17. Leukemia?

18. Skin tumors?

19. Cancer, other tumors?

20. Joint problems?

21. For Females: Age of onset of menses____Menstrual problems: Yes_ No
(Describe over)

22. Your ages at time of normal live-birth deliveries____________

23. Your ages at time of still births or miscarriages___________

24. Has menopause occurred? Yes No If yes at what age?____

Signature Date :

(Continued on Reverse Side)
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BOLTON STUDY

The examination would consist of:

1. Examination of the head and neck

2. General dental examination

3. Dental impressions

4. Frontal and lateral cephalometrlc (head) x-rays

5. Hand-wrist x-rav.

The purpose of this study is to study the effects of aging on the 
craniofacial skeleton. Selection of persons for this study is based 
on their prior participation in the Bolton Study. Persons involved 
in this study should be aware that it is the concensus of the Ortho
dontic Department, the Bolton Study and the University that the exami
nations to be conducted do not pose a relevant health risk to the 
participant and that the examinations are the routine, customary pro
cedures carried out in the usual orthodontist’s office. Participation 
in this study is voluntary and as such will in no way jeopardize future 
health care at this University. The records obtained will be available 
to your physician, otherwise complete confidentiality will be observed.

I am______________________am not_____________ willing to have these

examinations performed.

Signature :____________________________

(Description of Health Problems Noted in Health History)
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

12161 3 6 8 - 3 4 6 9

Name
Address

Dear
Please read the enclosed letter and forward to your CHILD OR CHILDREN, 
NAMES.
If this Is not possible, please return the letter along with a notation. 
Thank you very much for your support and interest.

Sincerely,

B. Holly Broadbent, Jr., D.D.S. 
Donald H. Enlow, Ph.D.
Rolf G. Behrents, D.D.S., M.S.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear RE: Letter and questionnaire 
mailed a few weeks ago

We are hopeful that you have retained our letter regarding the 
Growth Study's current project of determining the present health 
status, and its relation to growth and development processes, of 
individuals who participated in a select portion of the Bolton 
Study Investigations carried out in the 1930's and the early 1940's.

Since we have not received your reply or had the envelope returned 
by the Post Office, we are still hopeful that it arrived in your 
hands and that you are considering helping our important study.

To date we have mailed out some 300 such informational letters and 
questionnaires and have received a return of %. Of these, there 
has been a very favorable reply to the health history questions and 
also a very gratifying willingness, from nearly all, to participate 
in the additional examination suggested.

We would appreciate it, very much, if you would review the letter 
and complete the enclosed duplicate questionnaire so that we might 
have a much needed increase in Che total number of responses. As 
I am sure you understand, the greater the number of responses we have 
the more validity there will be to the results and their interpretations. 
I would like to stress that this is tremendously unique data and we will 
have results never before obtainable!

We do understand the imposition on your personal time and we are 
sincerely grateful for your assistance!

Cordially yours.

B. Holly Broadbent, Jr., D.D.S. 
Donald H. Enlow, Ph.D.
Rolf G. Behrents, D.D.S., M.S.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear
Thank you so much for returning the questionaire and express
ing your willingness to participate in an examination.

In a very short time we will be calling you to set up an appoint
ment. We would prefer to schedule your examination at the School 
of Dentistry of Case Western Reserve University on a Wednesday 
morning or afternoon or a Thursday morning. However, if the 
location or times are not convenient for you, other arrangements 
will be made.
If you have any questions, please feel free to give us a call 
(368-3272).
Thank you again for your continued support of our efforts. 

Sincerely,

Rolf G. Behrents, D.D.S., M.S. 
B. Holly Broadbent, D.D.S. 
Donald H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A 8 I N G T D N  H D A D

C l e v e l a n d , o m i o  a a i o e

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 1  3 6 6 - 3 4 6 9

Name
Address

Dear ,

Thank you very much for taking the time to fill out and return 
the questionairre. We also appreciate your willingness to come 
in for an escamination.

Tour appointment is scheduled for DAT, DATE, TIME.

On the enclosed sheet is a map to guide you to the Dental School. 
When you arrive, please park in the visitor parking lot under the 
school (lower level); find an entrance (an orange door with a large 
"D") and the elevator; come to the first floor and check in with 
the Orthodontic receptionist. Please bring your parking ticket 
with you.

Thank you again for lending your support to this most important study.

Sincerely,

R o lf  G. B eh ren ts , D .D .S .,  M.S.
B. H o lly  Eroadbent J r . ,  D .D .S .
Donald H. Enlow, Ph.D.
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BIRTH NAME MARRIED NAME SS

A D D R E S S P H O N E

P A R E N T S

STATUS

CORRESPONDENCE

LETTER LETTER PHONE OUESTIONARE APPOWTMENT TIME W EIR/SCO LES FO L L O W -U P

f  1 *2 RETURNED DATE l e t t e r

APPOINTMENT
ADDRESS CONSENT EXAM DENTAL C S H U jOGRAMS HAND-W RIST PHOTOGRAPHS

VERIFIED FORM CA STS L F FILM

ADULT-AGING RECALL

1982-1983
BOLTON 

STUDY
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BOLTON STUDY 

RECORD OF FACIAL & DENTAL EXAMINATION

EXAM INER

B IR T H D A T E

H EAD AND NECK EXAM INATION

DE N TA L EXAM INATIO N

AN GLE C L A S S IF IC A T IO N . 

TR EA TE D __________

8 7 6 B 4 3 2 1 1 2 3 4 6 6 7 8

8 7 6 8 4 3 2 1 1 2 3 4 5 a 7 8

I A  - Anfcyto— d
B • Braiian. ehippsd. eraeksd

*  C C#m##
f  D • D«f«ctiv* rwtorations
* H .  HypoplMtic or docoictfted
* I « Impoctod

M • Mttsino (for 090)
N • NonviiM or diacotorttion 
S - Supom umoTY

DE N TA L IM P R E S S IO N S
MAX MAND B ITE

P H O T O G R A P H S
FR O N TA L LATERAL SM ILE

X -R A Y S

LA TERA L MA S E C T S KVP ML

FR O N TA L MA S E C TS KV P P -

HAND MA S E C
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B O L T O N  S T U D Y  

A D U L T - A G I N G  R E C A L L

CONSENT FORM

The examination would consist of:

1. Examination of the head and neck

2. General dental examination

3. Dental impressions

4. Frontal and lateral cephalometric (head) x-rays

5. Hand-wrist x-ray.

The purpose of this study is to study the effects of aging on the 
craniofacial skeleton. Selection of persons for this study is based 
on their prior participation in the Bolton Study. Persons involved 
in this study should be aware that it is the concensus of the Ortho
dontic Department and the Bolton Study chat Che examinations to be 
conducted do not pose a relevant health risk to the participant and 
that the examinations are the routine, customary procedures carried 
out in the usual orthodontist’s office. Participation in this study 
is voluntary and as such will in no way Jeopardize future health care 
at this University. The records obtained will be available to your 
physician, otherwise complete confidentiality will be observed.

I understand the nature and purpose of this study and am willing to have 

these examinations performed.

Signature

Witness;__

Date:
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A 8 I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 1  3 6 8 - 3 4 6 9

Name
Address

Dear ,

He wish to sincerely thank you for taking the time to return 
to Che Bolton Study for an examination. The additional Information 
that was provided by the examination will be very valuable in terms 
of the over-all results of the study. After the results of the 
study are gathered together in a manuscript, you will receive a 
copy of our findings. This will probably occur in the fall.

In your particular case we did want to report that on viewing the 
x-rays it is apparent that ANY ABNORMAL CONDITION NOTED.

While we do not feel there is any cause for alarm in this regard 
we did feel that you should know about this, and perhaps this should 
be broughts to your dentist's attention at your next visit.

Again, thank you for your time and effort.

Sincerely,

R o lf G. B eh ren ts, D .D .S ., M.S.
B. H o lly  Broadbent J r . ,  D .D .S.
Donald H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  

2 1 2 3  A B I N G T O N  R O A D  
C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear
Thank you very much for responding to our Inquiry about your 
health and for expressing your willingness to participate in 
our project by having a dental examination.

Realizing that you reside quite a distance from Cleveland, and 
assuming you will not be returning to Cleveland in the near future, 
we will be in contact with an orthodontist near your residence to 
arrange an appointment. This may take us some weeks, but do ex
pect a local orthodontist to contact you to arrange an appointment. 
In the meantime, if you have any questions what-so-ever, feel free 
to give us a call (368-3272).
Again, thank you for returning the health questionnaire and indi
cating you are willing to participate further.

S i n c e r e l y ,

Rolf G. Behrents, D.D.S., M.S. 
B. Holly Broadbent, Jr., D.D.S. 
D. H. Enlow, Ph.D.



678

THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D

C l e v e l a n d , o m i o  4 4 i o 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 6 - 3 4 6 9

Name
Address

Dear

Thank you so much for returning the health history form and 
for being willing to stand for a follow-up examination.

We would be happy to you on one of your trips to
Cleveland, and all you need do is give me a call when 
you are in town (368-3268). If, however, you do not 
anticipate coming to Cleveland before the end of the summer 
we would prefer to have you examined by an orthodontist near 
your residence. If this is the case, and such an examination 
would not be too inconvenient for you, please advise us and 
we would make the arrangements for the exam from here.

Again, thank you for your time and effort in helping us with 
this unique research project.

Sincerely,

Rolf G. Behrents, D.D.S.,M.S.
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THE BOLTON -  BRUSH 
GROWTH STUDY C ENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear

Thank you so much for responding to our inquiry about your health. 
Regarding assisting us by having an examination, we probably have 
not explained ourselves well enough for you to make a decision.

While most of the participants still reside in the Cleveland area, 
many people have scattered across the country. Because we feel 
the study Is quite unique and important we would like to have 
as many people as possible participate in this follow—up study.

Thus, if you were willing to participate further, and anticipating 
you will not be returning to Cleveland in the near future, we would 
be in contact with an Orthodontist near your residence to arrange 
an examination at no cost to you and at a mutually convenient time.

In this regard we are returning the questionairre to you so that 
you many indicate your decision regarding the examination * Whatever 
your decision, we wish to thank you for your interest and time in 
this unique research project.

Sincerely,

R o lf G. B eh ren ts, D .D .S .,  M.S.
B. H o lly  Broadbent J r .  D .D .S .
Donald H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R D A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

12161 3 6 8 - 3 4 6 9

Name
Address

Dear Dr.

We are writing to you to ask for your assistance in a unique research 
project being conducted out of the Bolton-Brush Growth Study Center 
and the Department of Orthodontics of the School of Dentistry, Case 
Western Reserve University. Please take a few moments to read this 
letter and consider assisting us.

Since these present studies likely will benefit you as an orthodontist, 
we would like to explain exactly what we are attempting to do. As you 
may recall, the Bolton-Brush Study, under the direction of Dr. B. Holly 
Broadbent, involved studying "normal" development of some 6,000 indivi
duals (children and some young adults), was actively conducted during 
the 1930's and 1940's with intermittent records gathered to the present. 
From the vast number of recordings (22,000 x-rays) in this study and 
from other growth studies, l3nportant aspects of growth and development 
have been learned and applied to the treatment of our adolescent pa
tients.
However, today's practice of orthodontics involves the treatment of a 
great many adult patients, and thus it might also be prudent to determine 
the nature and extent of any craniofacial changes which might be taking 
place during adulthood and aging.
This may seem at first thought, to be an unproductive task as we fairly 
well assume that an adult is "grown-up", the craniofacial skeleton does 
not change, and "growth" will not be a factor in treatment. However, for 
the most part this assumption has not been validated and in fact a pilot 
study of Bolton Study Participants, with an age range of 18 - 78 years of 
age, demonstrated change in craniofacial architecture was a consistent 
measurable finding. Unlike growth during puberty, the yearly increments 
are small, but the overall effect is continued change of a clinically 
significant nature. Thus we way be erroneously making assessments 
about our adult patients by comparing adult "numbers" to adolescent 
"standards". At present we do not have at our disposal an adult set 
of "numbers" and it is clear from our pilot studies that adults do in
deed change through time.
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To study this apparent phenomenon, we have begun to recall some 400 former 
Bolton Study Participants who had records taken as young adults. New re
cords will be gathered on these people (now 40 - 50 years older). For 
the most part the participants still reside in the Cleveland area and are 
being actively recalled at present.
In addition some of the participants who have expressed their willing
ness to participate in further examinations now reside close to your 
practice, and will not be returning to the Cleveland area in the fore
seeable future. Therefore, we would like to solicit your help in gather
ing valuable information on these people. Would you be so kind as to 
have the person listed at the end of this letter called and appointed 
for a set of records consisting of:

lateral and P.A. cephalograms
hand-wrist x-ray
dental Impressions (untrimmed)
dental examination
head and neck examination

(Note: make sure the mm. measurement from the mldsaggital plane (lateral)
and transporionic axis (frontal) are recorded off your cephalometer ---
very important!).
Because the Bolton Study is privately funded and the funds for t h ^  study 
are extremely limited, we are not in a position to pay for your efforts.
It is also very important that the participant not be charged. We hope 
that you will see fit to perform this courtesy as a contribution to the 
profession.
When you send us the records, please tape the enclosed envelope to the 
box so that the postage will be charged to us.
Thank you so much for taking the time to read this letter and we earnestly 
hope you will lend us your assistance in this valuable research endeavor. 
We will be in contact with you shortly to determine your decision. Please 
feel free to give us a call (216-368-3272) if you have any questions.

Sincerely,

B. H o lly  B roadbent, D .D .S .
R o lf  G. B eh ren ts, D .D .S ., M.S.
Donald H. Enlow, Ph.D.
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B E S T  METHOD

The purpose of these directions is to insure the current cephalograms 
are comparable to past cephalograms in terms of magnification.

A

ML

Both drawings shown without nose bridge support.

Frankfort Plane (F) should be parallel to the floor.

Record the ML distance for the lateral film (C to D). 
ML distance=distance from the mldsaggital plane to the 
film inside the cassette.

ML distance ___________________

Record the P+ distance for the P.A. film (A to B).
P+ distance=distance from the center of the earposts 
to the film inside the cassette.

P+ distance

Exposure Settings: Lateral film

P.A. film

MA

MA KVP

The cassette should be as close to the head as possible.
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AL T E RNAT E  METHOD

A

Fig. 3 Fig. 4

MOTES :

An alternate method involves cutting 2 straight pieces of .030" 
wire each approximately 2 inches in length, and taping one vertically 
on the inside surface of the nose bridge support and the other 
vertically on tne inside surface of the right ear rod support.
After taking and developing the films, take the wire from the nose 
bridoe support and tape it to the lateral cephalogran and take the 
wire from the right ear support and tape it to the P.A. cephalogram. 
Please record your exposure settings.
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THE BOLTON -  BRUSH 
GROWTH STU D Y  CENTER

B O L T O N  D E N T A L  B U I L D I N G  

2123  A B I N G T O N  R O A D  
C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8  3 4 6 9

Name
Address

Dear Dr.

Regarding our recent request for assistance in our Adult-Aging 
Recall Study, we are writing to you at this time to see whether 
you would be willing to help us in this project. We hope that 
you have had a chance to look over the materials we sent you 
recently and hope that you will help us in this unique study.

However, we do understand you are a busy professional person, 
and you may not have the time nor the Inclination to assist us. 
Whatever your decision we do apprectiate your consideration of this 
matter.
Please indicate your preference and return this letter in the 
enclosed envelope.

X will tjry to help in this project.

Sorry, but I cannot help in this project.

Sincerely,

R o lf G. B eh ren ts , D .D .S .,  M.S.
B. H o lly  B roadbent, D .D .S .
Donald H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CE N T ER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E
UNIVERSITY

(2 16 1  3 6 8 - 3 4 6 9

Name
Address

Dear
Just to keep you up-to-date regarding your dental examination, 
we have arranged for you to be seen by:

His office will be in touch with you to arrange a mutually agree- 
able appointment time.
Thank you, very much, for your interest and willingness to assist 
us in this extremely unique and worthwhile project.

Sincerely,

Rolf G. Behrents, D.D.S., M.S. 
B. Holly Broadbent, Jr., D.D.S. 
D. H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STU D Y  C ENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D ,  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

12161 3 6 6 - 3 4 6 9

Name
Address

Dear

Thank you so much for taking the time to have an examination 
as part of our recall study. The responsiveness of all the par
ticipants, in the Cleveland area and across the country, has been 
oveirwhelming and thus the study proceedes very well. When the 
results of the study are compiled we will be sending a report 
to all who participated.

Thank you again!

Sincerely,

Rolf G. Behrents, D.D.S., M.S. 
B. Holly Broadbent, Jr., D.D.S. 
D. H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROW TH STUDY CE N T ER

B O L T O N  d e n t a l  b u i l d i n g  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

1216 1 3 6 6 - 3 4 6 9

Name
Address

Dear Dr.
We gratefully acknowledge the receipt of the orthodontic 

records we requested you gather on a participant in our Adult- 
Aging Recall Study. We sincerely thank you for your help in 
this unique study and your assistance will be acknowledged 
appropriately.

As the results of our study are compiled we will be 
forwarding a report to all who participated.

Thank you again!

Sincerely,

Rolf G. Behrents, D.D.S., M.S. 
B. Holly Broadbent, Jr., D.D.S. 
D. H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CENTER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D ,  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

(2 16 1  3 6 »  3 4 6 9

Name
Address

Dear

Greetings from the Department.

We are writing to you at this time to solicit your help in a very 
important research project being jointly conducted by the Bolton 
Study and the Department of Orthodontics.

The purpose of the present research is to determine the nature and 
extent of craniofacial changes during maturation and aging. To 
accomplish this task we are seeking to recall some of the patients 
of the original Bolton Study. The people we recall will have ceph
alograms taken and compared to the previous records. We earnestly 
believe that maturatlonal changes will occur, and if this is so, the 
information gained will be invaluable in terms of its impact on 
orthodontics (adult treatment), prostbodontlcs (denture construction), 
orthognathic surgery and other aspects of reconstructive dentistry.

We need your help in this endeavor. Some of you may not remember, 
but cephalograms were made on you while you in the graduate program.
In certain cases some wives and children also had cephalograms made 
which became part of the Bolton Study. Thus, we would like to have 
you participate in this recall study by providing us with current 
cephalograms (P.A. and lateral). It would be preferable for you 
to return to the school so that we could use the Bolton Cephalometer, 
but time and distance may make that inconvenient for you. If you 
cannot return, please follow the enclosed directions in using your 
own cephalometer.

If you have any questions regarding this study, please feel free to 
give me a call (216-368-3272).

By the way, Mark Hans ('81) recently was named the recipient of the
A.A.O. Harry Sicher Award for his master's research. That's five 
awards in the last seven years for research in the Department.

Sincerely,

Rolf G. Behrents D.D.S., M. 
Director of Clinics 
Department of Orthodontics
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THE BOLTON -  BRUSH 
GROW TH STUDY CENTER

B O L T O N  d e n t a l  b u i l d i n g  

2 1 2 3  A B I N G T O N  R O A D  
C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear

I am writing to you in regard to the previous letter about the present 
ongoing research in the Department and the Bolton Study. The previous 
letter requested that cephalograms be taken on yourself at this time so 
that you might be a participant in an "Adult-Aging" Recall Study present
ly being conducted in the Bolton Study. We would still like you to do 
this.

Since these present studies likely will benefit you as an orthodontist,
I would like to explain exactly what we are attempting to do. As you 
may recall, the Bolton-Brush Study which involved studying "normal" 
development of some 6,000 individuals (children and some young adults), 
was actively conducted during the 1930's and 1940's with intermittent 
records gathered to the present. From the vast growth studies, important 
aspects of growth and development have been learned and applied to the 
treatment of our adolescent patients.

However, today's practice of orthodontics involves the treatment of a 
great many adult patients, and thus it might also be prudent to determine 
the nature and extent of any craniofacial changes which might be taking 
place during adulthood and aging.

This may seem at first thought, to be an unproductive task as we fairly 
well assume that an adult is "grown-up", the craniofacial skeleton does 
not change, and "growth" will not be a factor in treatment. However, for 
the most part this assumption has not been validated and in fact a pilot 
study of Bolton Study Participants, with an age range of 18 - 78 years of 
age, demonstrated change in craniofacial architecture was a consistent 
measurable finding. While the yearly Increments may be small, the overall 
effect is continued change of a clinically significant nature. Thus we 
may be erroneously making assessments about our adult patients by 
comparing adult "numbers" to adolescent "standards". At present we do 
not have at our disposal an adult set of "numbers" and it is clear from 
our pilot studies that adults do change through time.
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To study this apparent phenomenon, we have begun to recall some 400 former 
Bolton Study participants who had records taken as young adults. New re
cords will be gathered on these people (now 40 - 50 years older).

In your particular case, cephalograms were taken on you when you were in 
graduate school. Therefore, we would like to solicit your help in this 
most valuable study. Please take a few moments to have a set of cepha
lograms taken (record mm. measurements off the cephalometer) and then 
send them to us.

Your help in this unique project would be greatly appreciated.

Sincerely,

Rolf 6. Behrents, D.D.S., M.S. 
B. Holly Broadbent, D.D.S. 
Donald H. Enlow, Ph.D.
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THE BOLTON -  BRUSH 
GROWTH STUDY CEN TER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D ,  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

12161 3 6 »  3 4 6 9

Name
Address

Dear Dr. ,

Just a short note to Inform you of the progress which has been 
made in our Adult-Aging Recall Study and to again request your 
assistance in this unique research project.

To date we have contacted some 200 former Bolton Study participants 
and requested they return for an additional examination. They 
have been surprisingly willing to participate and as a result 
approximately 100 exams have been accomplished here at C.W.R.U. 
(people have flown in from Canada, California, Oregon....all over!). 
Also we have been able to arrange examinations across the country 
for those participants who were willing to be ejcamined, but could 
not return to the Cleveland area. Some 40 orthodontists all over 
the country have been very helpful in doing the eiuuns for us in this 
regard. As a result or this generous participation, the study 
procédés very nicely and we are learning a great deal about adults 
especially in the areas of craniofacial growth, T.M.J., and Third 
molars.

Because we expect this study will make quite an impact on our 
profession in particular we still desire to increase the size 
of our sample. In this regard we again request your assistance.
Only of the former graduate students we have contacted have 
sent cephalograms, and this is most disheartening and embarrassing 
as everyone else contacted has so graciously agreed to assist us 
in this project. Please take some time to have a set of cephalograms 
taken on yourself and send them to us.

See you in Boston!

Sincerely,

Rolf G. Behrents, D.D.S., M.S.
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THE BO LTO N  -  BRUSH 
GROWTH STU D Y  CEN TER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D .  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

<2161 3 6 6  3 4 6 9

Name
Address

Dear Dr.

Thank you so much for sending the cephalometric 

x-rays we requested. They will now be on file in the 
Bolton Study.

On behalf of the Bolton Study, the Department and 
myself --  we thank you.

Sincerely,

Rolf S. Behrents, D.D.S., M.S. 
Director of Clinics 
Department of Orthodontics

RGB;efm
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THE BO LTO N  -  BRUSH 
GROW TH STUD Y C EN TER

B O L T O N  D E N T A L  B U I L D I N G  
2 1 2 3  A B I N G T O N  R O A D  

C L E V E L A N D ,  O H I O  4 4 1 0 6

C A S E  W E S T E R N  R E S E R V E  
U N I V E R S I T Y  

( 2 1 6 )  3 6 8 - 3 4 6 9

Name
Address

Dear

We would all like to take this opportunity to thank you for 
participating in our recent Recall Study. Your participation 
has provided us with invaluable long-term information on the 
health of the Bolton Study Subjects.

This information is presently being analyzed and we will keep 
you informed of the important developments. These records will 
also act as a legacy for future researchers in growth and de
velopment .

Please accept the enclosed as a small token of our personal 
appreciation for your continued support and interest.

Sincerely,

B. Holly Broadbent, Jr., D.D.S. 
D. H. Enlow, Ph.D.
Rolf G. Behrents, D.D.S., M.S.



694

APPENDIX D 

CEPHALOMETRICS
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CEPHALOMETRIC PLANES

The following planes have been utilized:

1. SELLA-NASION PLANE: Sella-Nasion.
S-N(46-54)

2. FRANKFORT PLANE: P orion-O rb ita le .
PO-OP(44-57)

3. PALATAL PLANE : A nterior Nasal S p ine-P osterio r Nasal Spine.
ANS-PNS(59-12)

4. FUNCTIONAL OCCLUSAL PLANE: Premolar mesial contact 
p o in t-u p p e r molar d istal cusp tip .

PMC-UDT(18-28)

5. DOWNS OCCLUSAL PLANE: A nterior Downs p o in t-p o ste rio r 
Downs point.

ADP-PDPC7-24)

6. MANDIBULAR PLANE: M enton-gonial in te rse c tio n .
M E-GOKl-32)

7. RAMAL PLANE: A rticu lare , posterio r-gon ia l in tersec tion .
AR-GOK41-32)

8. PM VERTICAL: Pterygo-m axRlary f is su re , in ferior-ethm oid
reg is tra tio n  point.

PTM-SE(47-68)

9. LOWER INCISOR AXIS: Lower incisor incisal edge-low er incisor
root apex.

LIE-LIA(6-16)

10. NASION PERPENDICULAR : A line th rough  nasion, p erp en d icu 
la r  to F ran k fo rt plane.

11. UPPER INCISOR AXIS : U pper incisor incisal ed g e -u p p e r in 
cisor root apex.

UIE-UIA(8-13)
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12. FACIAL PLANE: Nasion-pogonoin
N-PG(54-3)

13. SOFT TISSUE PLANE: Soft tissue A po in t-soft tissue  B point.
A’-B ’(80-84)
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LANDMARK DEFINITIONS 

(a f te r  Riolo e t al. , 1974; Israe l, 1973; Krogman and Sassouni, 1955) 

NUMBER CODE DEFINITION

ME

GN

PC

B

ID

6 LIE

7 AD?

8 UIE

9 UIL

10 SD

MENTON: The most in fero ir point on the
sym physeal outline.

GNATHION : The most an te rio r-in fe rio r  point
on th e  contour of the  bony chin sym physis. 
Determ ined by b isec ting  the  angle formed by 
the m andibular plane and a Line th rough  pog- 
onion and nasion.

POGONION : The most an terio r p a rt on the
contour of the bony chin. Determ ined by a 
tan g en t th rough  nasion.

B POINT : The point most posterio r to a Line
from infraden tale  to pogonoin on the an te rio r 
su rface  of the sym physeal outhne of th e  man
dible . B point should lie w ithin the apical 
th ird  of the  incisor ro o ts .

INFRADENTALE: The an terio r su p erio r point
on th e  mandible at its  labial contact with the 
m andibular cen tra l incisor.

LOWER INCISOR INCISAL EDGE: The incisal
tip  of the m andibular cen tra l incisor.

ANTERIOR DOWNS POINT : The midpoint of the
line connecting landm arks 6 and 8 (LIE and 
UID). This re p re se n ts  the an te rio r  point 
th ro u g h  which Downs occlusal plane p a s se s .

UPPER INCISOR INCISAL EDGE: 
tip  of the m axillary cen tra l incisor.

LABIAL OF THE UPPER INCISOR: 
labial aspect of the  u p p e r incisor.

The incisal

The most

SUPRADENTALE: The most an te rio r in fe rio r
point on the  maxilla a t its  labial contact with 
the m axillary cen tra l incisor.



698

NUMBER CODE DEFINITION

11 A A POINT: The most posterio r point on the
curve  of the maxilla betw een the an te rio r nasal 
spine and su p ra d e n ta le .

12 ANS ANTERIOR NASAL SPINE: The tip of th e
m edian, sh arp  bony p rocess of the maxiha a t 
th e  lower m argin of the  an terio r nasal opening.

13 UIA UPPER INCISOR APEX: The root tip of th e
m axillary cen tra l incisor.

14 UIB UPPER INCISOR LINGUAL BONY CONTACT
POINT : The lingual contact of alveolar bone
with th e  m axülary cen tra l inciso r. This point 
generally  co rresponds with the  lingual cemento- 
enamel junction  (C E J).

15 LIB LOWER INCISOR LINGUAL BONY CONTACT:
T he lingual contact of alveolar bone with the  
m andibular cen tra l inciso r. Generally c o rre s 
ponds with the  lingual CEJ.

16 LIA LOWER INCISOR APEX: The root tip of th e
m andibular cen tra l incisor.

17 SYM LINGUAL SYMPHYSEAL POINT : A construc ted
point u sed  to determ ine sym physeal width a t 
pogonion . The SYM point is located at the  
in tersec tio n  of a construction  line th rough  
pogonion and parallel with the  p o ste rio r b o rd e r 
of the m andibular sym physis.

18 PMC PREMOLAR MESIAL CONTACT POINT: A point
estab lish ed  by  the  in tersec tio n  of a line along 
th e  occlusal contact of the u p p e r and lower 
prem olars and a p erp en d icu la r line to it th rough  
th e  averaged  an te rio r con tact of th e  f ir s t  maxil
la ry  prem olars with the  m axillary cusp id .

19 PDC PREMOLAR DISTAL CONTACT POINT : E stab 
lished along the same prem olar occlusion line as 
point 18 b u t a t the  point of a perp en d icu lar line 
th ro u g h  the  d ista l con tact of the m axülary f ir s t  
p rem olar. The d istance from PMC to PCD 
should be equal to th e  averaged  m esial-distal 
d istance of the f ir s t  m axillary prem olar.
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NUMBER CODE DEFINITION

20 LMR LOWER MOLAR ROOT APEX: The apex of the
mesial root of the m andibular f irs t molar.

21 LMJ LOWER MOLAR MESIAL CEJ: The an terio r
cemento-enamel junction of the m andibular f irs t 
molar a t the bony c re s t.

22 LMC LOWER MESIAL CONTACT: The mesial contact
(h e ig h t of contour) of the m andibular f irs t 
molar relative to the FOP.

23 UMT UPPER MESIAL CUSP TIP : The an terio r cusp
tip of the maxillary f ir s t  molar.

24 PDP POSTERIOR DOWNS POINT : The midpoint of
the  line connecting landm arks 23 and 25 (LMT 
and UMT). This rep re sen ts  the posterio r point 
th rough  which Downs occlusal plane passes.

25 LMT LOWER MOLAR MESIAL CUSP TIP: The an te ri
o r cusp tip of the m andibular f irs t molar.

26 UMJ UPPER MOLAR MESIAL CEJ: The an terio r
cemento-enamel junction of the maxillary f irs t 
molar a t the bony c re s t.

27 UMR UPPER MOLAR ROOT APEX : The mesiobuccal
root apex of th e  maxillary f ir s t  molar.

28 UDT UPPER MOLAR DISTAL CUSP TIP: The po st
erio r cusp tip of the maxillary f ir s t  molar.

29 FPP FUNCTIONAL OCCLUSAL PLANE POINT: This
point is logically determ ined. It is used to 
define the  posterio r location of the functional 
occlusal plane and consequently its  value is 
re la ted  to the presence (o r absence) of molars. 
If second molars are p re sen t the point is m ark
ed at th e ir d istal contact poin ts. If second 
molars are  absen t point 28 is used.

30 AB ANTERIOR BORDER OF THE RAMUS: This is
defined as the in tersection  of the FOP with the
an terio r bo rder of the  ram us.

31 GO GONION : The midpoint of the angle of the
m andible. Found by b isecting  the angle formed
by the m andibular plane and a plane th rough  
a r tic u la re , posterio r and along the portion of 
the m andibular ramus in ferio r to it.
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NUMBER CODE DEFINITION

32 GOI GONIAL INTERSECTION: The in tersection  of
the m andibular plane with a plane th rough
a rtic u la re , po ste rio r and along the portion of
the  m andiublar ram us in ferio r to it.

33 PB POSTERIOR BORDER OF THE RAMUS : This is
defined as the  in tersection  of the FOP with the 
p o s te rio r b o rd e r of the  m andibular ram us.

34 PSE POSTERIOR SKULL EXTERNAL: The most
p o ste rio r aspect of the skuU on the  ex terna l 
su rface  determ ined by a line parallel to seUa 
nasion th ro u g h  glabella.

35 PSI POSTERIOR SKILL INTERNAL: Determined
similarly to point 33 on the endocranial su rface.

36 OCP OCCIPITAL PROTUBERANCE: The h ighest
point on the occipital p ro tu b eran ce .

37 I INION : The h ig h est point on the  in terna l
occipital p ro tu b e ra n c e .

38 OP OPISTHION : The posterio r m idsagittal point on
the p o sterio r m argin of foramen m agnum.

39 BP BOLTON POINT : The h ig h est point in the
re trocondy lar fossa in the midline.

40 BA BASION: The most in fe rio r, p o ste rio r point on
th e  an te rio r m argin of foramen magnum.

41 AR ARTICULARE POSTERIOR: The point of
in tersec tion  of the in fe rio r cranial base surface 
and the  averaged  po ste rio r surfaces of the
m andibular condyles.

42 AA ARTICULARE, ANTERIOR: The point of
in tersec tion  of the  in fe rio r su rface  of the  c ra n 
ial base and the  averaged su rfaces of the
m andibular con d y les .

43 CO CONDYLION : The most p o ste rio r superio r
poin t on the  cu rv a tu re  of the  average of the 
r ig h t and left outlines of the  condylar head. 
Determ ined as th e  point of tangency to a p e r 
pendicu lar construction  line to the an te rio r and 
p o s te rio r b o rd ers  of the condylar head . The
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NUMBER CODE DEFINITION

CO po in t, is th e re fo re , located as the most 
su p erio r axial point of the condylar head ra th e r  
than  as the most su p erio r point on the condyle.

44 PO PORION ; The midpoint of the line connecting
th e  most su p erio r point of the radiopacity  
gen era ted  by each of the two ear rods of the 
cephalosta t.

45 APO ANATOMIC PORION; The midpoint of a line
connecting  the most superio r point of anatomic 
p o rio n .

46 S SELLA TURCICA: The cen te r of the p itu ita ry
fossa of the sphenoid bone. Determ ined by 
in sp ec tio n .

47 SE ETHMOID REGISTRATION POINT: In tersection
of the sphenoidal plane with the averaged  
g re a te r  sphenoid wing.

48 GBI GLABELLA INTERNAL: The in n er cu rv a tu re  of
th e  fro n ta l bone co rrespond ing  to glabella.

49 GB GLABELLA: The heigh t of cu rv a tu re  of the
bone overly ing  the  fro n ta l s in u s . In cases 
w here th is  point is not readily  ap p a ren t, the 
overly ing  soft tissue  is used  to locate it.

50 FSS FRONTAL SINUS SUPERIOR: The h ig h est
poin t in the fro n ta l sinus.

51 SUP SUPRAORBITALE : The h ig h est point in the
outline of the o rb ita l r id g e .

52 FSl FRONTAL SINUS INFERIOR: The lowest point
in the fro n ta l s in u s .

53 FMN FRONTOMAXILLARY NASAL SUTURE : The
junction  of the fro n ta l, m axülary and nasal 
b o n e s .

54 N NASION : The junction of the fron tonasal
s u tu re  a t the  most p o ste rio r point on the cu rve 
a t the b rid g e  of the nose.

55 NB NASAL BONE : The tip of the  nasal bone.
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NUMBER CODE DEFINITION

56 LO LATERAL ORBIT : The most posterio r aspects
of the la te ra l aspect of the o rb its .

57 OR ORBITALE; The lowest poin t on the average
of the r ig h t and left b o rd ers  of the bony o rb it.

58 IZ INFERIOR ZYGOMA: The lowest poirii on the
average of the r ig h t and left outlines of the 
zygom a.

59 PNS POSTERIOR NASAL SPINE : The most po ste rio r
point at the  sag itta l plane on the  bony h a rd  
p a la te .

60 PTM PTERYGO-MAXILLARY FISSURE, INFERIOR:
The most in fe rio r point on the average of the 
r ig h t and le ft outlines of th e  p terygo-m axillary  
f is s u re .

61 CP CORONOID PROCESS: The most su p erio r point
on the average of the r ig h t and left outlines of 
the  coronoid p rocess .

62 PTMS PTERYGO-MAXILLARY FISSURE, SUPERIOR :
T he most superio r point on the average of the 
r ig h t and le ft outlines of th e  p te ry  go-m axillary 
f is s u re .

63 3VS 3rd VERTICAL SUPERIOR: The h ig h est p e r i
osteal su rface  of the body of the 3rd cervical 
v e rteb rae  determ ined by v isual inspection along 
th e  long axis.

64 3VA 3rd VERTEBRA ANTERIOR: The most an te rio r
surface of the body.

65 3VI 3rd VERTEBRA INFERIOR : The in ferio r s u r 
face as in 63.

66 3VP 3rd  VERTEBRA POSTERIOR: The an te rio r
surface of th e  spinal canal.

67 3VC 3rd  VERTEBRA CANAL: The p o ste rio r aspect
of the spinal canal.

68 3VSP 3rd VERTEBRA SPINE: The most po ste rio r
aspect of the  spine of the 3 rd  cervical v e r te 
b rae .
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NUMBER CODE DEFINITION

69 4VS 4th VERTEBRA SUPERIOR: as in 63.

70 4VA 4th VERTEBRAE ANTERIOR: as in 64.

71 4VI 4th  VERTEBRA INFERIOR: as in 65.

72 4VP 4th VERTEBRA POSTERIOR: as in 66.

73 4VC 4th  VERTEBRA CANAL: as in 67.

74 4VSP 4th  VERTEBRA SPINE: as in 68.

75 GU SOFT TISSUE GLABELLA: The he igh t of the
c u rv a tu re  on the  soft tissue  over glabella.

76 Na' SOFT TISSUE NASION : The deepest point on
th e  soft tissue  over nasion.

77 NoA' TIP OF NOSE-A: The most an te rio r surface
o v er the  nose.

78 NoB' TIP OF NOSE-B : The most an te rio r and in 
fe rio r  poin t on the  nose.

79 Sn' SUBNASALE : The deepest poin t on the con
cav ity  between the  tip  of the  nose and  upper 
lip-

80 A' SOFT TISSUE A POINT : The deepest point on
th e  u p p e r  point on the u p p e r lip co rresponding  
to point A, not including  th e  ridges of the 
p h ü tru m .

81 UL' UPPER LIP ANTERIOR : The most prom inent
po in t on the  u p p e r hp .

82 S t' STOMION : The con tact poin t betw een the
u p p e r and lower lip at the  m ou th -sh t.

83 LL' LOWER LIP ANTERIOR : The most prom inent
po in t on the  lower Hp.

84 B ' MENTAL SULCUS (SOFT TISSUE B POINT):
T he deepest po in t on th e  soft tissue  between 
th e  u p p e r  Hp and the chin co rrespond ing  to B 
po in t.
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NUMBER CODE DEFINITION

85 Pog’ SOFT TISSUE POGONION: The most an terio r
point on the soft tissue  chin.

86 Gn' SOFT TISSUE GNATHION: The most an terio r
and in fe rio r po in t on th e  soft tissu e  chin.

87 Me’ SOFT TISSUE MENTON : The most in ferio r
point on the soft tissue  chin.
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APPENDIX E 

HEALTH INFORMATION
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BOLTON STUDY

ADULT-AGING RECALL

Name Yes responses to the questions.
(Flmeee P r in t or Type)

Address____________ -________________

Sex

Phone

Name of Phy«lcl*n_ 
(O ptional)

_Name of D entist_ 
(Optional)

Office Phone
HEALTH HISTORY

P lease p lace  checkmark under Yes o r No In MJ. spaces provided. I f  the  answer i s  YES 
p lease  describe  on the  reverse  s id e  of th i s  sheet g iving d e ta i ls  such as da tes , 
s e v e r ity , r e s u lt in g  d is a b i l i ty ,  and m edications being taken now o r taken in  the p a s t .

2“ No Yes No_

1. Has your h ea lth  been impaired? 19 10. D iabetes? _
2. Are you under physic ians care  fo r 11. Rheumatic fever? 3__

o th e r chan ro u tin e  check-ups? i i _ ---- 12. Tuberculosis? 5__
Have you had any of the fo llow ing:

13. A r th r i t is ? 22
3. O ral, f a c ia l  o r  neck surgery? A6_ ---- 14. Thyroid d iso rder? 7__
4. Tonsillectom y? Age___ 1S2. ---- 15. Blood d iso rd er?
5. Adenoidectomy? Age___

Other surgery?
16. Bleeding tendency? 1__

6. aa_ ----- 17. Leukemia? Q_
7. ' I s  surgery planned?

18. Skin cimors? 1 2 -8. Heart Trouble? 5_
19. Cancer, o th e r  tumors? U -

9. High blood p ressure? J ± — 20. Jo in t problems?

21. Por Females; Age of onset o f menses M enstrual problems: Yes 6 No_____
(Describe over)

22. Your ages a t  tim e of normal l iv e - b i r th  d e liv e r ie s  _ _  _

23. Your ages a t  tim e of s t i l l  b i r th s  o r  m isca rriag es

24. Has menopause occurred? Yes  34 No I f  yes a t  what age?

S ignature Date:

(Continued on Haverse Side)
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RESPONSES TO QUESTIONS

1. Has your health  been impaired?
H erpes Z oster (1)
Allergies (1)
Spinal D egeneration (1)
Epilepsy (1)
H epatitis (2)
N ephrosis (1)
Hip D egeneration ( I )
Mastectomy (1)
H ernia (1)
Hypoglycemia (1)
Varicose Veins (1)

2. Are you u nder a physic ian 's  care fo r o ther than routine 
check-ups?

H ypertension  (1)
Diabetes (1)
C ostrochondritis  (1)
Glaucoma (1)

3. O ral, facial or neck su rg e ry .
Extraction  of teeth  (17)
R hinoplasty (1)
Endodontics (2)
Gingival su rg e ry  (6)
Nevus removed (5)
Mastoidectomy (1)

4. Tonsillectomy?
Most at 5-6 years
h as adu lts (g re a te r  than  16 y ea rs)

5. Adenoidectomy?
Most at 5-6 years
1/10 as adu lts  (g re a te r  than 16 y ears)

6. O ther su rg e ry ?
Mastoidectomy (2)
Appendectomy (20)
Hemmorhoids (4)
C aesarian Section (2)
Kidney stones (3)
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Prostectom y (1)
Female rep roductive  (11) 
F rac tu res  o r joint su rg e ry  (21) 
C ardiovascular (2)
Circumcision (2)
Lung su rg e ry  (1)
Vasectomy (2)
C ataracts (1)
H ernia rep a irs  (13)
Tumor removal (9)
Varicose veins (2)
B reast (5)

7. Is su rg e ry  planned?
Back fusion (1)
Varicose veins (1)
Hemmorhoids (1)

8. H eart trouble?
H eart a ttack  (2)

9. High blood p re ssu re?
9 rep o rts  (all on m edication)

10. Diabetes
4 re p o rts , adult onset

11. Rheumatic fever?
3 rep o rts
12 rep o rts  of perm anent damage 
1 on medication

12. T uberculosis?
5 rep o rts  
3 as adult
all rehab ilita ted

13. A rth ritis?
15 rep o rted  as minor 
3 rep o rted  as degenerative 

areas rep o rted : 
hands (3) 
neck  (1) 
spine (1) 
knee (13) 
h ips (1) 
shoulders (1) 
fee t (1) 
ankles (1)
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14. T hyroid  d isorder?
Continuing treatm ent (1)
T rea ted  and no p re sen t problem (2) 
C ontinuing, u n tre a ted  (1)

15. Blood d isorder?
Related to medication (1)
Related to p regnancy  (1)

16. Bleeding tendency?
No rep o rts

17. Leukemia?
None

18. Skin tum ors?
Benign (2)
Basal cell carcinoma (2)
Squamous cell carcinoma (3) 
Locations rep o rted ; 

face (1) 
nose (1) 
stomach (1)

19. C ancer, o th er tumors?
B reast tumor (3)
Rectal cancer (1)

20. Jo in t problems?
Locations :

Shoulders (2)
Ankle (1)
Back (3)
W rist (3)
Elbow (2)
Hands (2)
Knee (6)
Feet (1)
Hip (1)
Sports re la ted  (3)
F rac tu re  re la ted  (2)
C onsidered degenerative (2) 
S u rgerized  (1)

21. O nset of menses?
Range 10-15 years 
Ages :

10 (3)
11 (3)
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12 (13)
13 (11)
14 (4)
15 (1)

M enstrual problems
Severe cramps (5)
Heavy flow (3)

22. Age at time of normal liv e -b irth  deliveries?
119 children  from 34 m others 
Approximately a mean of 4 children 
Range = 1-9 children 
Range of m aternal age at b irth  = 19-41 
Most born  in m other's 20's

23. Ages at time of still b ir th s  o r m iscarriages?
20 from 12 m others 
Range of 1-3
Range of m aternal age = 25-50 
Most beyond 30 years of age

24. Has m enopause occurred?
5 surg ical
Age range of non -su rg ica l 40-55 years

25. O ther responses
Extreme w eight loss (1)
Guilliam B arre  syndrome
Mononucleosis
Ulcer
Asthma
V iral pneumonia 
Polio
Bell's palsy 
Gout
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APPENDIX F 

DEFINITIONS
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APPENDIX F 

DEFINITIONS

ADULT : As commonly though t as one who is "grow n-up" or

m a tu re .

AGE CHANGES: Processes which ten d  to begin or accelerate at

m a tu rity , even though evidence of these  changes may be p re se n t 

p rio r to m a tu rity .

AGED CHANGES: As in age changes, b u t with th e  negative conno

tation of d eg en era tio n .

AGING : Used in the b ro ad est sense of the word as the time period

between conception and death  and no t limited to the  period of 

sen ility . In th is  paper aging re fe rs  to the period post-adolescence 

(generally  seventeen  years on).

CONFORMATION: Act of forming or p roducing  conform ity; adap ta

tion. Formation or fashioning of any th ing  by symmetrical a rra n g e 

ment of its  p a r ts ;  shaping; a p u ttin g  into form.

DEVELOPMENT : A concept not clearly  divided from aging  b u t

commonly conceived as m eaning p rocesses which pass th ro u g h  and
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exh ib it even tfu l milestones by which the p ro g ress  of m aturity  can 

be assessed .

DIMORPHISM: D ifference of forai o r s tru c tu re  of a more o r less

perm anent n a tu re  between members of the same species. In th is 

case between male and female.

GROWTH: The p ro g ressiv e  development of a living being or p a r t of

an organism  from its  ea rliest s tage including increases in size and 

shape change.

MATURITY: A slowing or cessation of developmental p rocesses.

SECULAR TREND : Changes in grow th o ccu rrin g  among g en era 

tions .

SENILITY : A portion of aging with the  connotation of degeneration

attached .
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A P P E N D IX  G 

C A L C U L A T IO N  T A B L E S
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UNTREATED S A M P L E - I N I T I A L  TO FINAL

g a i n loss A A sd A se Max Min A % jt
001 SIMP 46-1 107 6 2 . 9 2 .6 .24 16.1 -3 .1 2 .2 ★★★
002 SIMP 4 6 -2 106 7 2 . 8 2 .4 .23 15 .4 - . 7 2.1
003 SIMP 4 6 -3 110 3 3 . 0 2 . 5 .23 1 6 .0 - . 4 2 .3 **★
004 SIMP 4 6 -4 95 18 2 . 0 2 .2 .20 11 .0 - 2 . 0 1 .8
005 SIMP 4 6 - 5 103 10 2 . 0 1 . 9 .18 1 0 .9 - 1 . 2 1 .8 ★ ★★
006 SIMP 4 6 - 6 98 15 2 . 0 1 .9 .18 9 .9 -1 .4 1 .9 ★★★
007 SIMP 4 6 -7 102 11 1 .9 1 .7 .16 9 . 4 -1 .1 1 .9 ***
008 SIMP 4 6 - 8 105 8 1 .9 1 .5 .14 7 . 8 - . 8 1 .8 ★★★
009 SIMP 4 6 - 9 104 9 2 .5 1 .9 .18 8 . 6 - 2 . 5 2 .4
010 SIMP 4 6-10 106 7 1 .7 1 .3 .13 6 .7 - 1 . 3 1 .7 ***
Oil SIMP 46-11 91 22 1 . 3 1 .4 .13 5 .4 - 2 . 3 1 .4 ***
012 SIMP 46-12 100 13 1 .5 1 . 8 .17 9.1 - 1 . 7 1 .6 ★ ★★
013 SIMP 4 6 -1 3 105 8 2 . 5 1 .8 .17 8 . 6 - 1 . 3 2 .9 ***
014 SIMP 46-14 103 10 2 . 0 1 .4 .14 7 .6 -1 .1 2.1
015 SIMP 46-15 102 11 2 .0 1 .8 .17 10 .3 - 2 . 6 1 .9
016 SIMP 46-16 98 15 1 .9 2.1 .19 11 .8 -1 .9 1 .7 ***
017 SIMP 46-17 101 12 2 .5 2 . 4 .23 14 .5 - 2 . 8 2 .2 ***
018 SIMP 46-18 108 5 2 .5 1 .9 .17 8 . 7 - 1 . 5 2 .6
019 SIMP 46-19 102 11 2 . 4 2.1 .19 8 . 8 - 2 . 3 2 .6 ★★★
020 SIMP 4 6-20 100 13 2 .3 2 . 3 .22 11 .7 - 2 . 7 2 .3
021 SIMP 46-21 107 6 2 .7 2 .2 .20 11 .0 - 1 . 0 2 .9 ***
022 SIMP 46-22 103 10 2 . 4 2 . 0 .19 10 .2 - . 8 2 . 8
023 SIMP 46-23 102 11 2 . 3 2 . 0 .19 8 . 4 - 1 . 5 2 .7
024 SIMP 46-24 104 9 2 . 4 2 . 0 .19 9 .0 - . 7 2 . 8 ***
025 SIMP 46-25 102 11 2 . 4 2.1 .20 9 .7 - . 8 2 .8 ★★★
026 SIMP 46-26 106 7 2.1 1 .9 .18 9 .6 - 2 . 4 2 .7
027 SIMP 46-27 96 17 2 .2 2.1 .18 9 .7 - 1 . 5 3 . 3
028 SIMP 4 6-  28 108 5 2 . 6 1 .9 .18 10 .2 - . 6 3 .3
029 SIMP 46-29 106 7 2 . 7 2 . 2 .21 1 0 .7 - . 7 3 .7
030 SIMP 46-30 85 28 1 .8 2 . 3 .22 10.1 - 2 . 5 2 .7 ***
031 SIMP 46-31 102 11 3 .0 2 . 6 .24 1 4 .8 - 1 . 2 3 .6 ***
032 SIMP 46-  32 103 10 3.1 2 .7 .25 14 .2 - 1 . 0 3 .6 ★ ★★
033 SIMP 4 6-33 88 25 2 .5 2 .9 .27 11 .5 - 2 . 3 4.1
034 SIMP 4 6 -3 8 62 51 .4 1 .6 .15 5 .5 - 2 . 7 .5 *
035 SIMP 46-39 74 39 .5 1 .5 .14 6 . 4 - 2 . 9 .8
036 SIMP 46-40 80 33 .6 1 .2 .11 4 . 4 - 2 . 3 1 .3 ***
037 SIMP 46-41 69 44 .6 1 .2 .11 4 . 8 - 2 . 0 1 .4 -k-k-k

038 SIMP 46-42 70 43 .3 1 .1 .10 3 .6 - 2 . 5 1 .0 k

039 SIMP 46 -4 3 56 57 .1 1 .7 .16 7 .0 - 3 . 7 .7 _

040 SIMP 46-44 70 43 1 .3 3 .5 .33 9 . 8 - 6 . 7 4 . 8 ***
041 SIMP 46-45 52 61 - .  3 2 . 5 .23 8.1 - 1 0 . 4 - . 6 _

042 SIMP 46 -4 7 65 48 .1 .7 .06 2 .7 - 1 . 5 .4
043 SIMP 46 -4 8 57 56 .2 1 .6 .15 4 .6 -6 .1 .3
044 SIMP 46-49 100 13 1 .5 1 .4 .13 4 . 8 - 2 . 5 1 .9 ***
045 SIMP 4 6 -5 0 96 17 1 .3 1 .6 .15 7 .5 - 2 . 4 1 .7
046 SIMP 46-51 90 23 1 .2 1 .5 .14 4 . 7 - 2 . 0 1 .7 ***
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047 SIMP 46-52 72 41 .5 3 . 4 .32 10 .6 - 1 3 . 9 1 .0 -

048 SIMP 46-53 89 24 1 .5 1 .8 .17 5 .4 - 3 . 2 2.1
049 SIMP 46-54 104 9 1 .1 .8 .08 3.1 - . 9 1 .5 ***
050 SIMP 46-55 105 8 1 .3 1 .2 .12 4 . 9 - 3 . 7 1 .5
051 SIMP 46-56 87 26 .7 .9 .08 3 . 2 -1 .8 1 .3 ***
052 SIMP 46-57 99 14 1 .1 1 .2 .11 4 . 6 - 3 . 5 1 .8
053 SIMP 46-58 98 15 1 .1 1 .4 .13 6 . 6 - 3 . 5 1 .9 ★★★
054 SIMP 46-59 90 23 .9 1 .2 .11 3 . 9 - 2 . 3 1 .8
055 SIMP 46-60 65 48 .3 1 .6 .16 5 . 4 - 5 . 3 .9 *
056 SIMP 46-61 80 33 1.1 2 . 4 .22 6 . 6 - 5 . 2 3 .0
057 SIMP 46-62 60 53 - . 1 .9 .08 2 .7 - 2 . 2 - . 1 -

058 SIMP 46-75 93 20 1 .5 1 .8 .17 6 . 7 - 2 . 7 1 .8
059 SIMP 46-76 101 12 1 .8 1 .6 .15 6 . 6 - 1 . 6 2 .2 ***
060 SIMP 46-77 110 3 2 . 9 2 .2 .20 10 .9 - . 7 2 .6
061 SIMP 46-78 103 10 2 .7 2 .2 .20 11 .2 - 1 .1 2 .4 ***
062 SIMP 46-79 69 44 .5 1 .8 .17 6.1 - 4 . 7 .5
063 SIMP 46-80 94 19 2 . 3 2 . 2 .21 7 .5 - 2 . 4 2.1
064 SIMP 46-81 88 25 1 .9 2 . 3 .21 9.1 - 3 . 9 1 .7 ★★★
065 SIMP 46-82 101 12 2 .6 2 . 3 .22 11 .4 - 2 .1 2 . 3
066 SIMP 46-83 90 23 2.1 2 .6 .25 11 .7 - 3 .1 1 .7 k-k-k

067 SIMP 46-84 108 5 3 .9 2 .7 .25 13 .9 -1 .5 3 .2 -k-k-k

068 SIMP 46-85 103 10 4 . 9 4 . 0 .37 17 .5 - 3 . 3 3 .7 kk-k

069 SIMP 46-86 107 6 4 . 9 3 .7 .35 18 .4 - 2 . 3 3 .5 k k k

070 SIMP 46-87 97 16 3 .7 3 . 5 .33 18 .3 - 4 . 0 2 .7 k k k

071 3PTA 54-46-1 62 51 .1 .8 .07 2 . 5 - 2 . 9 .2 -
072 3PTA 5 4 -4 6 -2 70 43 .2 .8 .07 3 . 0 - 2 . 2 .2 k

073 3PTA 5 4 - 4 6 -3 72 41 .3 .8 .07 3 .5 -1 .5 .4 k k k

074 3PTA 5 4 - 4 6 -4 72 41 .2 .9 .08 2 . 4 - 2 . 5 .3 k

075 3PTA 5 4 - 4 6 -5 66 47 .2 .7 .07 2 .6 - 1 . 7 .3 k

076 3PTA 5 4 - 4 6 -6 64 49 .2 .6 .06 2 . 0 -1 .7 .3 k

077 3PTA 5 4 - 4 6 -7 63 50 .1 .7 .06 1 . 9 -2 .1 .3 k

078 3PTA 5 4 - 4 6 - 8 60 53 .1 .7 .07 2 . 0 - 2 . 6 .2 -
079 3PTA 5 4 - 4 6 -9 87 26 .5 .7 .07 2 . 4 -1 .1 1 .0 ★★★

080 3PTA 5 4 - 4 6 -1 0 64 49 .1 .6 .05 1 .5 -1 .8 .3 *
081 3PTA 54-46-11 45 68 - .1 .7 .07 2 . 2 - 2 . 3 - . 3 -
082 3PTA 5 4 - 4 6 -1 2 51 62 0 .6 .06 1 .5 - 2 . 2 - . 1 -
083 3PTA 5 4 - 4 6 -1 3 50 63 0 .8 .07 2 .3 - 1 . 6 0 -
084 3PTA 5 4 - 4 6 -1 4 55 58 0 .6 .05 1 . 8 - 1 . 8 0 -
085 3PTA 5 4 - 4 6 -1 5 59 54 .1 .9 .08 2 . 3 - 2 .1 .1 -
086 3PTA 5 4 - 4 6 -1 6 49 64 - . 2 1 .0 .10 3.1 - 2 . 7 - . 3 ★
087 3PTA 5 4 - 4 6 -1 7 62 51 .1 .8 .08 2 .4 - 2 . 2 .2 -
088 3PTA 5 4 - 4 6 - 1 8 57 56 0 .8 .08 2 . 7 - 2 . 3 0 -
089 3PTA 5 4 - 4 6 -1 9 54 59 0 .9 .09 2 . 6 - 3 . 2 - . 1 -
090 3PTA 5 4 - 4 6 -2 0 32 81 - . 7 1 .0 .10 1 . 4 - 3 . 8 - . 9 ★★★

091 3PTA 54-46-21 40 73 - . 3 .9 .09 1 .9 - 3 . 4 - . 5 k k k

092 3PTA 5 4 - 4 6 -2 2 40 73 - . 4 .9 .08 2.1 - 2 . 9 - . 6 k k k
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093 3PTA 5 4 - 4 6 - 2 3 32 81 - . 4 .9 .09 2.1 - 3 . 3 - . 6 ***
094 3PTA 5 4 - 4 6 - 2 4 27 86 - . 4 .9 .0 8 1 .8 - 4 . 0 - . 7
095 3PTA 5 4 - 4 6 - 2 5 35 78 - . 5 .9 .09 2 .2 - 3 . 7 - . 7 ***

096 3PTA 5 4 - 4 6 -2 6 41 72 - . 2 .9 .08 2 . 7 - 3 . 0 - . 4 **

097 3PTA 5 4 - 4 6 -2 7 64 49 .2 1 .3 .13 3 .9 - 3 . 0 .3 -
098 3PTA 5 4 - 4 6 - 2 8 32 81 - . 6 .9 .09 1 .5 - 3 . 5 - . 8 ★★★

099 3PTA 5 4 - 4 6 -2 9 42 71 - . 4 1.1 .10 2 .3 - 5 . 4 - . 5
100 3PTA 5 4 - 4 6 -3 0 79 34 .7 1 .3 .12 5 . 3 - 2 . 8 1 .0
101 3PTA 54-46-31 45 68 - . 3 .9 .09 1 .6 - 3 . 5 - . 3 *★

102 3PTA 5 4 - 4 6 -3 2 50 63 - . 2 .9 .09 2 . 5 - 4 . 3 - . 2 -
103 3PTA 5 4 - 4 6 - 3 3 36 77 - . 5 1 .0 .10 2 .2 - 4 . 8 - . 4
104 3PTA 5 4 - 4 6 - 3 8 40 73 - . 4 1 .0 .09 1 . 8 - 3 . 0 - . 2
105 3PTA 5 4 - 4 6 - 3 9 41 72 - . 4 1 .5 .14 5 . 0 - 4 . 5 - . 3 **

106 3PTA 5 4 - 4 6 - 4 0 54 59 - . 1 1 . 4 .13 4 . 5 - 4 . 9 - . 1 -
107 3PTA 54-46-41 64 49 .3 1 .5 .14 4 . 3 - 3 . 0 .3 *

108 3PTA 5 4 - 4 6 -4 2 40 73 - . 7 2 . 8 .26 5 .6 - 1 7 . 2 - . 6
109 3PTA 5 4 - 4 6 - 4 3 63 50 .6 2 . 5 .24 9 .6 - 6 . 0 .5 **

110 3PTA 5 4 - 4 6 - 4 4 49 64 - . 9 6 . 8 .64 2 1 .4 - 1 6 . 2 - . 6 -
111 3PTA 5 4 - 4 6 - 4 5 49 64 - . 5 7 .0 . 66 19 .0 - 1 8 . 0 - . 3 -
112 3PTA 5 4 - 4 6 -4 7 55 58 0 1 .0 .10 2 .7 - 2 . 9 NA -
113 3PTA 5 4 - 4 6 - 4 8 58 55 .1 1.1 .10 3 . 4 - 4 .1 1 .7 -
114 3PTA 5 4 - 4 6 - 4 9 40 73 - . 3 1.1 .10 2 . 6 - 5 . 3 - 2 . 5 **

115 3PTA 5 4 - 4 6 - 5 0 95 18 1 .7 1 .9 .18 8 . 3 - 2 . 3 11 .4 •kkk

116 3PTA 54-46-51 56 57 .1 .8 .07 2 .7 - 2 . 7 4 . 8 -
117 3PTA 5 4 - 4 6 -5 2 72 41 .5 1 .8 .17 6 . 4 - 7 . 8 NA **

118 3PTA 5 4 - 4 6 -5 3 49 64 - . 2 1 .2 .12 2 . 8 - 3 . 7 6 .4 *

119 3PTA 5 4 - 4 6 -5 5 41 72 - . 1 .7 .07 4.1 - 1 . 9 - . 8 -
120 3PTA 5 4 - 4 6 -5 6 43 70 - . 7 1 .9 .17 3 .7 - 5 . 3 - 4 . 0
121 3PTA 5 4 - 4 6 -5 7 54 59 0 .8 .07 2 . 3 - 3 .1 0 -
122 3PTA 5 4 - 4 6 - 5 8 43 70 - . 2 1 .0 .09 3 .9 - 2 . 4 - . 4 ★

123 3PTA 5 4 - 4 6 -5 9 72 41 .5 1 .7 .16 4.1 - 4 . 0 .7 k k

124 3PTA 5 4 - 4 6 - 6 0 71 42 .3 1 . 2 .11 3 . 5 - 2 . 6 .5 k k

125 3PTA 54-46-61 59 54 .3 2 . 6 .24 7 .6 - 6 . 3 .7 -
126 3PTA 5 4 - 4 6 -6 2 28 85 - 1 . 7 2 . 7 .26 4 .7 - 1 6 . 0 - 3 . 7 ***

127 3PTA 5 4 - 4 6 -7 5 41 72 - . 5 1 .4 .13 2 . 5 - 6 . 6 - 4 . 8 k k k

128 3PTA 5 4 - 4 6 -7 6 64 49 .4 1 . 8 .17 5 .0 - 4 . 3 NA k k

129 3PTA 5 4 - 4 6 - 7 7 98 15 1.1 .9 .09 3.1 - . 8 4 . 3 k k k

130 3PTA 5 4 - 4 6 - 7 8 101 12 1.1 .9 .09 3 . 2 - . 9 3 .9 ***

131 3PTA 5 4 - 4 6 - 7 9 100 13 1.1 .9 .09 3 . 0 - 1 . 7 3 .2 k k k

132 3PTA 5 4 - 4 6 - 8 0 108 5 1 .8 1 .2 .11 4 . 4 - . 6 4 . 5 k k k

133 3PTA 54-46 -81 109 4 2 . 2 1 .4 .13 6 . 0 - . 9 5 .2 k k k

134 3PTA 5 4 - 4 6 - 8 2 99 14 1 .2 1 .2 .11 3 . 6 - 1 . 4 2 .6 k k k

135 3PTA 5 4 - 4 6 - 8 3 85 28 .8 1 . 2 .11 3 .6 - 2 . 5 1 .6 k k k

136 3PTA 5 4 - 4 6 - 8 4 79 34 .5 1 . 0 .10 3.1 - 2 . 6 .8 k k k

137 3PTA 5 4 - 4 6 - 8 5 78 35 .5 1 .3 .12 3 . 3 - 2 . 8 .9 k k k

138 3PTA 5 4 - 4 6 -8 6 74 39 .5 1 . 2 .12 4 . 0 - 2 .1 .9 k k k

139 3PTA 5 4 - 4 6 -8 7 73 40 .5 1 .5 .14 5 .2 - 2 . 4 .8 k k k
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140 SIMP 4 3 -3 108 5 3 . 0 2 .6 .24 16 .2 - 1 . 5 2 .5 k k k

141 SIMP 43-17 97 16 2 .6 2 . 5 .24 15.1 - 1 . 4 2 .5 k k k

142 SIMP 43-31 99 14 3.1 3.1 .29 1 5 .3 - 2 . 2 5 .2 k k k

143 SIMP 31-3 84 29 .9 1 . 2 .12 5 .2 - 1 . 7 1.1 k k k

144 PDIS 6 1 / 4 1 - 3 2 87 26 .9 1 . 8 .17 5 .4 - 5 . 0 2 .2 k k k

145 SIMP 33-30 45 68 - . 3 1 .6 .15 3 .7 - 6 . 0 - 1 . 0 k

146 SIMP 31-30 65 48 .2 1 . 3 .12 3.1 - 3 . 7 .5 -
147 PDIS 3 0 / 3 - 5 85 28 1 .2 1 .8 .17 6 . 5 - 2 . 7 2 .5 k k k

148 PDIS 3 3 / 3 - 5 80 33 .8 1 . 4 .13 5.1 - 3 . 2 1 .0 k k k

149 PDIS 6 1 /31 -1 88 25 1 .9 2 . 7 .25 9 . 0 - 5 . 0 3.1 ***

150 SIMP 17-3 83 30 .4 .6 .06 2 .2 - 1 .1 2 .3 ★★★

151 PDIS 3 / 5 4 - 4 82 31 .2 .8 .07 1 .9 - 6 . 2 NA **

152 PDIS 5 /3 2 -1 96 17 .9 1.1 .10 4.1 - 2 . 3 2 .7 ***

153 PDIS 6 /3 2 -1 98 15 1.1 1 .2 .11 5 . 0 - 3 . 0 2 .5 k k k

154 PDIS 15/32-1 89 24 1.1 1 .6 .15 6 . 7 - 3 . 6 3 .4 k k k

155 PDIS 21 /32-1 95 18 1.1 1 .3 .13 5 . 4 - 3 . 5 4 .2 k k k

156 PDIS 25 /32-1 102 11 1 .6 1 .4 .13 4 . 6 - 2 . 2 4 .6 k k k

157 PDIS 6 / 5 4 - 4 68 45 .1 1 . 9 .18 3 . 9 - 1 6 . 0 NA ~

158 PDIS 6 / 1 1 - 3 63 50 0 1 .2 .12 2 . 2 - 8 . 4 NA -
159 SIMP 60-11 89 24 1 . 2 1 .5 .14 5 .9 - 2 . 9 2 .0
160 PDIS 1 1 / 5 4 - 3 53 60 0 .9 .09 3 . 5 - 3 . 6 NA -
161 PDIS 4 4 / 5 4 - 4 6 70 43 1 .2 4 . 2 .39 9 .6 - 9 . 7 8 .5 *★

162 SIMP 47-59 99 14 1 .0 1 .1 .1 0 5 .4 - 1 . 6 2.1 k k k

163 PDIS 5 9 / 5 4 -4 6 98 15 1 .0 1 .0 .10 4 . 3 -1 .6 2.1 k k k

164 PDIS 1 2 /5 4 -4 6 91 22 .9 1 .2 .11 6 . 0 - 1 . 7 1.6 k k k

165 PDIS 5 8 / 5 4 -4 6 91 22 .7 1 .3 .12 7 .0 - 3 . 2 1.6 k k k

166 PDIS 5 8 / 5 9 -1 2 73 40 .3 1.1 .11 3 . 0 - 3 . 6 NA k

167 PDIS 5 7 / 5 4 -4 6 84 29 .5 .8 .08 3 .0 - 2 . 0 1 .8 k k k

168 PDIS 5 7 / 5 9 -1 2 79 34 .5 1.1 .10 4 . 0 - 2 . 6 1 .9 k k k

169 PDIS 5 1 /4 6 -5 4 63 50 .2 1 .0 .10 3 .5 - 3 . 7 NA k

170 SIMP 51-57 82 31 .7 1 .4 .14 5 .0 - 4 . 9 2 .0 k k k

171 PDIS 1 0 /1 2 -5 9 69 44 .5 1 .2 .12 3 . 8 - 2 . 6 3.1 k k k

172 PDIS 8 /1 2 - 5 9 77 36 .7 1 .2 .11 4 . 5 - 2 . 5 2 .4 k k k

173 PDIS 1 4 /1 2 -5 9 80 33 .6 1 .1 .11 4 . 5 - 2 .1 3.1 k k k

174 PDIS 2 6 / 1 2 - 5 9 76 37 .6 1 .2 .12 3 .6 - 2 . 4 3 .8 k k k

175 PDIS 2 3 /1 2 -5 9 83 30 .7 1 .2 .12 3 .6 - 2 .1 2 .8
176 PDIS 8 / 1 1 - 3 61 52 0 1 .5 .15 2 .5 - 1 3 .1 NA
177 PDIS 9/NP45 57 56 - .1 2 . 2 .20 5 .5 -11 .6 NA -
178 PDIS 9/NP44 56 57 - . 3 3 . 9 .36 1 0 .3 - 1 0 . 9 NA -
179 SIMP 39-54 89 24 1 .4 1 . 8 .17 9 .0 - 2 . 7 1.1 ★★★

180 SIMP 47-54 100 13 1 .0 .9 .09 3 .0 - 1 . 6 2.1 ★★★

181 PDIS 4 6 / 6 0 - 4 7 62 51 .1 .6 .06 2 . 8 - 1 . 6 .3 -
182 PDIS 5 6 / 4 7 - 6 0 84 29 .5 .9 .09 2 . 6 - 1 . 6 2 .0 kkk

183 PDIS 5 4 / 4 7 - 6 0 95 18 .9 1 .0 .09 3.1 - 1 . 8 2.1 kkk

184 PDIS 1 1 / 4 7 - 6 0 93 20 1 .2 1 .4 .14 5 .9 - 2 . 5 2.1 ***

185 PDIS 3 1 / 6 0 -4 7 40 73 - . 8 2 . 5 .23 6 . 3 - 9 . 0 - 4 . 6 **
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186 PDIS 4 / 4 7 - 6 0 77 36 1 .2 2 . 5 .24 8 . 9 - 5 . 3 2 .2 ***
187 PDIS 3 /4 7 - 6 0 81 32 1 .6 3 . 0 .2 8 10 .3 - 6 . 7 2 .6 ★★★
188 SIMP 4 1 -5 4 97 16 1 .6 1 .4 .13 5 .4 - 1 . 5 1 .6 **★
189 SIMP 43-54 90 23 1 .4 1 .5 .14 5 .4 - 2 . 0 1 .4 ***
190 SIMP 43-11 97 16 1 .6 1 .5 .15 6.1 - . 9 1 .7 k k k

191 SIMP 4 3 - 2 105 8 2 . 9 2 .6 .24 16.1 - 1 . 2 2 .4 k k k

192 SIMP 40-54 102 11 1 . 5 1 .4 .13 5 . 2 - 2 . 0 1 .4 k k k

193 SIMP 40-11 94 19 1 .4 1 .4 .13 4 . 9 -1 .9 1 .4 k k k

194 SIMP 4 0 -4 91 22 1 .6 2 . 0 .19 10 .0 - 2 .1 1 .5 k k k

195 PDIS 11/NP44 57 56 .2 2 . 9 .27 7 . 2 - 7 . 3 NA -

196 PDIS 3/NP44 59 54 .3 5 . 2 .49 13 .6 - 1 2 . 9 NA -

197 PDIS 11/NP45 49 64 - . 7 3 .2 .30 7 . 7 -1 0 .1 NA k

198 PDIS 3/NP45 46 67 -1 .5 6 . 2 .5 8 14 .7 - 1 6 . 0 NA **
199 SIMP 54-12 90 23 .9 1 .2 .11 5 . 8 -1 .7 1 .6 ***
200 SIMP 12-1 102 11 1 .9 1 .9 .1 8 7 . 4 - 2 . 6 2 . 8
201 SIMP 54-1 104 9 2 . 8 2 . 3 .22 10 .7 - . 5 2 .2 ***
202 SIMP 59-31 87 26 1 .5 1 .9 .18 6 . 3 - 2 . 8 3 .2 ***
203 PDIS 5 4 / 5 9 - 1 2 91 22 .9 1 .0 .10 5 . 0 -1 .4 1 .6 ***
204 PDIS 1 /1 2 - 5 9 100 13 1 .8 1 .8 .17 7 .9 - 2 . 2 2 .7 ***
205 PDIS 4 6 / 5 9 - 1 2 96 17 1 .1 1 .2 .12 4 . 7 -1 .7 2 .5 ***
206 PDIS 3 1 / 1 2 - 5 9 88 25 1 .8 2 .4 .23 1 0 .4 - 3 . 6 4 .9
207 SIMP 6 2 - 2 107 6 3 . 2 2 .6 .25 17.1 - . 7 3 .0 k k k

208 SIMP 31-58 99 14 2.1 1 . 8 .17 7 . 0 - 1 . 9 3 .2 k k k

209 SIMP 4 8 - 4 9 93 20 1 .4 1 .7 .16 7 .5 - 2 . 0 9 .2 ***
210 SIMP 50-52 99 14 3 . 5 4 . 3 .40 19 .9 - 5 . 6 30 .8 k k k

211 SIMP 63 -6 5 82 31 .6 1 .0 .10 5 .4 - 1 . 7 4 . 8 k k k

212 SIMP 64-66 95 18 .7 .9 .0 8 3 . 5 - 2 . 2 4 . 5 ***
213 SIMP 38-40 47 66 - . 2 1 .9 .18 5 . 2 - 4 . 3 - . 3 -

214 SIMP 66-67 40 73 - . 2 .8 .0 8 1 .8 -3 .1 -1 .3 k k k

215 SIMP 6 4 - 6 8 103 10 1 .4 1 .2 .12 6 . 6 -1 .3 2 .9 k k k

216 PDIS 8 1 / 8 0 - 8 4 17 96 -1 .2 1 .3 .12 1 . 8 - 4 . 0 - 2 1 . 5 k k k

217 PDIS 8 3 / 8 0 - 8 4 28 85 -1 .0 1 .5 .14 2 . 3 - 4 . 9 - 1 5 . 2 k k k

218 PDIS 8 5 / 8 0 - 8 4 52 61 - . 1 1 .6 .15 4 . 6 - 4 . 0 .4 -

219 PDIS 7 8 / 8 0 - 8 4 89 24 2 . 2 2 .6 .25 9 . 8 - 3 . 3 22 .0 k k k

220 SIMP 93-92 76 37 1 .0 2 . 7 .26 7 .4 - 6 .1 3 .4 k k k

221 SIMP 92-91 57 56 .1 2 . 3 .22 6 . 0 - 6 . 2  . .1 -

222 SIMP 12-82 107 6 2 .6 2.1 .19 8 . 7 - 1 . 4 9 .6 k k k

223 SIMP 54-78 109 4 3.1 2 .0 .19 10 .7 - . 7 5.1 k k k

224 SIMP 6 - 8 56 57 - . 0 3 1 .2 .11 3 .2 - 2 . 9 0 -
225 3PTA 4 6 - 5 4 - 4 52 61 - . 1 .9 .08 3 . 7 - 3 . 0 - .1 -

226 3PTA 4 6-54 -11 56 57 0 .8 .08 2 . 3 - 1 . 9 0 -

227 3PTA 3 9 - 5 4 -3 53 60 - . 1 1 .0 .09 3 . 2 - 2 . 8 - .1 -

228 3PTA 4 0-54 -11 52 61 0 .8 .0 8 1 .9 - 2 . 9 0 -

229 4PTA 4 6 - 5 4 / 4 4 - 57 53 60 - . 3 2 .7 .26 6 . 7 - 6 . 2 NA -

230 4PTA 3 9 - 5 4 /4 4 - 57 49 64 - . 5 3 .0 .28 7 . 8 - 8 . 7 - 1 . 6 -

231 4PTA 4 6 - 5 4 / 5 9 - 12 42 71 - . 3 1 .1 .10 2 . 7 - 3 . 6 - 4 . 4
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232 4PTA 4 6 - 5 4 / 2 9 - 1 8 43 70 - . 7 2 .2 .21 3 .6 - 8 .1 - 4 . 0
233 4PTA 4 6 - 5 4 / 2 4 - 7 54 59 0 2 .2 .21 6.1 -7 .1 .9 -
234 4PTA 4 6 - 5 4 / 3 1 - 2 43 70 - . 5 1 .4 .13 3 .9 - 5 . 3 - 1 . 8 ★★★
235 4PTA 4 6 - 5 4 /3 2 - 1 44 69 - . 6 1 .5 .14 4 .0 - 5 . 2 - 2 . 3 ***
236 4PTA 4 6 - 5 4 /4 1 - 3 2 64 49 0 1 .5 .14 4 . 2 - 4 . 6 .1 -
237 4PTA 4 6 - 5 4 / 4 7 - 6 0 62 51 .1 1 .4 .13 5 .0 - 3 . 2 .1 -
238 4PTA 5 7 - 4 4 / 5 4 - 3 48 65 - . 6 3 . 0 .28 7 .2 ' - 7 . 4 - . 7 ★
239 4PTA 4 4 - 5 7 / 2 9 - 1 8 51 62 - . 1 3 .6 .34 7 .9 - 8 . 4 NA -
240 4PTA 4 4 - 5 7 / 2 4 - 7 61 52 .6 3.1 .29 7 .3 - 6 . 7 NA ★
241 4PTA 4 4 - 5 7 /3 2 - 1 57 56 0 3 .2 .30 6 .7 -7 .1 .7 -
242 4PTA 4 4 - 5 7 / 4 1 - 3 2 67 46 .7 3 .4 .32 7 .9 - 7 . 8 .9 ★
243 4PTA 4 4 - 5 7 / 4 6 - 2 68 45 .8 3 .0 .29 8 .0 -7 .1 1 .4
244 4PTA 4 0 - 5 4 / 4 6 - 2 64 49 .2 1 .0 .09 2 .5 - 2 . 3 .2 -
245 4PTA 4 0 - 5 4 / 6 2 - 2 77 36 .4 1 .2 .11 3 .2 - 2 . 5 .4 ***
246 4PTA 5 9 - 1 2 / 2 9 - 1 8 51 62 - . 4 2 .3 .22 4 .2 - 9 . 0 NA -
247 4PTA 5 9 - 1 2 /3 2 - 1 47 66 - . 3 1 .7 .16 3 .4 - 5 . 0 -1 .7 *
248 4PTA 6 0 - 4 7 / 5 9 - 1 2 46 67 - . 4 1 .7 .16 4 . 3 - 5 . 5 - . 5 ★
249 4PTA 6 0 - 4 7 / 2 9 - 1 8 44 69 - . 8 2 . 8 .26 5 .2 - 1 0 . 2 - . 9
250 4PTA 6 0 - 4 7 /3 2 - 1 39 74 - . 7 2 .2 .21 4 .4 - 6 . 4 - . 7
251 4PTA 3 - 5 4 / 1 - 3 2 80 33 .6 1 .0 .10 4 . 6 -1 .4 .8
252 3PTA 41-32-1 34 79 - . 7 1 .6 .15 3 .4 - 5 . 6 - . 6 ***

253 3PTA 61-31-1 53 60 .1 1 .9 .18 5 .0 - 5 . 6 .1 -
254 4PTA 3 -5 4 /4 -1 1 56 57 .1 1 .4 .13 4.1 - 4 . 6 NA -
255 3PTA 5 4 - 1 1 -3 61 52 - . 1 1 .7 .16 7.1 - 6 . 5 - .1 -
256 4PTA 5 4 - 4 6 / 1 3 - 8 37 76 - 1 . 6 3 .9 .37 11 .4 - 1 3 . 6 -1 .5 k k *

257 4PTA 1 2 - 5 9 / 1 3 - 8 33 80 -1 .9 4 . 0 .37 10.6 - 1 3 . 6 -1 .7 k k k

258 4PTA 1 - 3 2 / 8 - 1 3 79 34 2 .2 3 .8 .36 14.1 - 7 . 5 4 .7 k k k

259 4PTA 5 4 - 1 1 / 1 3 - 8 39 74 - 1 . 5 4 . 0 .37 11 .0 - 1 4 . 3 - 2 . 0 k k k

260 4PTA 5 9 - 1 2 / 2 7 - 2 3 43 70 - . 8 4 . 6 .44 18 .5 - 1 0 . 6 - . 7 -
261 4PTA 8 - 1 3 / 6 - 1 6 67 46 1 .7 5 .6 .53 21 .9 - 9 . 2 1 .4
262 4PTA 5 4 - 4 6 / 6 - 1 6 58 55 .1 3 .5 .33 9 . 8 - 8 . 5 .4 -
263 4PTA 5 7 - 4 4 / 6 - 1 6 53 60 - . 5 4 . 6 .43 11.6 - 1 1 . 6 - . 7 -
264 4PTA 1 2 - 5 9 / 6 - 1 5 54 59 - . 2 3 .7 .35 9 .2 -9 .1 - . 2 -
265 4PTA 7 - 2 4 / 6 - 1 6 56 57 .1 4 . 0 .37 11 .3 - 8 . 7 .2 -
266 4PTA 1 - 3 2 / 1 6 - 6 64 49 .5 3.1 .29 8 .7 - 7 . 9 .5 -
267 4PTA 3 - 1 1 / 1 6 - 6 60 53 - . 1 2 .9 .28 7 .6 -9 .1 .2 -
268 4PTA 4 - 5 4 / 1 6 - 6 59 54 - . 2 3 .2 .30 7 .2 - 8 . 4 - . 4 -
269 4PTA 3 2 - 1 / 2 5 - 2 0 62 51 .4 4 . 5 .42 14 .6 - 1 3 . 2 .7 -
270 3PTA 4 6 - 5 4 -5 5 70 43 .2 2 .3 .22 4 . 6 - 1 2 . 0 .2 -
271 3PTA 75-76 -77 66 47 1 .7 8.1 .76 2 3 .6 - 2 6 . 7 1 .5 k

272 3PTA 7 6 - 7 7 -7 9 17 96 - 4 . 7 4 . 2 .40 5 . 0 - 1 6 . 3 - 4 . 8 k k k

273 3PTA 76 -7 8 -7 9 15 98 - 5 . 0 4 . 2 .39 5 .6 - 1 5 . 3 - 5 . 4 k k k

274 3PTA 78-79-81 35 78 - 4 . 3 7 . 0 .66 8 .7 - 2 8 . 5 - 3 . 6 k k k

275 3PTA 8 3 - 8 4 -8 5 87 26 6 . 4 9 . 4 .89 3 3 .5 - 2 2 . 8 5 .4 k k k

276 4PTA 5 7 - 4 4 / 8 3 - 8 5 84 29 3 .7 5 .5 .52 2 0 .4 - 1 2 . 6 5 .2 k k k

277 4PTA 5 7 - 4 4 /8 0 - 8 4 72 41 2 .0 4 . 3 .41 1 5 .0 - 8 . 5 2 . 9 k k k
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001 SIMP 46-1
002 SIMP 46-2
003 SIMP 46 -3
004 SIMP 46-4
005 SIMP 46 -5
006 SIMP 46-6
007 SIMP 46-7
008 SIMP 46 -8
009 SIMP 46 -9
010 SIMP 46-10
011 SIMP 46-11
012 SIMP 46-12
013 SIMP 46-13
014 SIMP 46-14
015 SIMP 46-15
016 SIMP 46-16
017 SIMP 46-17
018 SIMP 46-18
019 SIMP 46-19
020 SIMP 46-20
021 SIMP 46-21
022 SIMP 46-22
023 SIMP 46-23
024 SIMP 46-24
025 SIMP 46-25
026 SIMP 46-26
027 SIMP 46-27
028 SIMP 46-28
029 SIMP 46-29
030 SIMP 46-30
031 SIMP 46-31
032 SIMP 46-32
033 SIMP 46-33
034 SIMP 46-38
035 SIMP 46-39
036 SIMP 46-40
037 SIMP 46-41
038 SIMP 46-42
039 SIMP 46-43
040 SIMP 46-44
041 SIMP 46-45
042 SIMP 46-47
043 SIMP 46-48
044 SIMP 46-49
045 SIMP 46-50
046 SIMP 46-51

Asd Ase A Asd Ase _t

1 . 6 5 . 2 8 *** 3 . 21 2 . 7 9 .31
1 . 3 3 . 2 3 3 . 1 2 2 . 6 6 . 3 0
1 . 6 5 . 2 8 3 . 2 6 2 . 7 4 .31 k k k

1 . 3 0 . 2 2 ★ ★★ 2 . 31 2 . 3 8 . 2 7 k k k

1 . 0 8 . 1 9 2 . 21 2 . 1 0 . 2 4 k k k

1 . 3 7 . 2 4 ★ ★★ 2 . 1 3 2 . 1 2 . 2 4 k k k

1 . 1 7 . 2 0 ** 2 . 0 8 1 . 8 9 .21 k k k

. 9 8 . 1 7 *** 1 . 9 9 1 . 6 5 . 1 9 k k k

1 . 3 0 . 22 2 . 6 0 2 . 0 7 . 23
. 9 3 . 1 6 ★ ★★ 1 . 7 2 1 . 4 9 . 1 7 ***

1 . 2 2 .21 *** 1 . 4 0 1 . 4 6 . 1 6
1 . 3 9 . 24 **★ 1 . 6 7 1 . 91 .21 ★ ★★
1 . 5 9 . 2 7 2 . 7 0 1 . 9 0 .21 ★★★
1 . 1 6 . 20 *** 2 . 1 0 1 . 5 3 . 1 7
1 . 2 6 . 22 2 . 2 7 1 . 9 5 . 22 ***
1 . 2 0 .21 2. 31 2 . 2 2 .25 k k k

1 . 6 4 . 28 *★* 2. 81 2 . 5 8 . 2 9 k k k

1 . 6 9 . 29 2 . 6 0 1.91 . 2 2 k k k

1 . 7 2 . 30 k k k 2 . 6 0 2 . 1 6 . 2 4 k k k

1 . 6 0 . 27 k k k 2 . 4 4 2 . 5 4 . 29 k k k

1 . 3 9 . 24 k k k 2 . 9 8 2 . 3 6 . 2 7 k k k

1 . 5 5 . 27 k k k 2 . 71 2 . 1 6 . 2 4 k k k

1 . 6 4 . 2 8 k k k 2 . 5 0 2 . 0 8 . 2 3 k k k

1 . 6 5 . 2 8 k k k 2 . 6 0 2 . 0 6 . 23 k k k

1 . 5 6 . 2 7 k k k 2 . 6 6 2 . 2 6 . 2 5 k k k

1 . 7 2 . 30 k k k 2 . 3 0 1 . 9 3 . 22 k k k

2 . 0 9 . 36 ★★★ 2 . 3 0 2 . 1 3 . 2 4 **★
1 . 3 5 . 23 ★ ★★ 2 . 7 4 2 . 1 4 . 2 4
2. 11 . 36 ★ ★★ 2 . 8 4 2 . 2 6 . 25 ★ **
2 . 0 9 .36 k k 2 . 1 5 2 . 3 3 . 2 6 ★ ★★
1 . 3 2 . 2 3 k k k 3 . 5 9 2 . 7 5 .31 ***
1. 31 . 22 k k k 3 . 7 6 2 . 8 3 . 32 ★ ★★
3 . 0 0 .51 k k k 2 . 7 9 2 . 7 7 .31 ★ ★★
1 . 8 9 . 3 3 - . 2 6 1 . 3 9 . 16
1 . 1 8 . 20 k . 5 0 1 . 5 9 . 1 8 **
1 . 2 6 . 2 2 - . 7 2 1 . 1 3 . 1 3 ★ ★★

. 97 . 1 7 - . 7 0 1 . 2 3 . 1 4

. 9 7 . 17 ★ . 2 2 1 . 1 2 . 13
1 . 8 9 . 3 2 - . 0 8 1 . 6 3 . 1 8
3 . 4 8 . 60 - 1 . 4 5 3 . 4 7 . 39 ★★★
2 . 7 0 . 46 ★★★ - . 3 8 2 . 4 0 . 2 7

. 69 . 12 - . 19 . 66 . 0 7 *
1 . 5 7 . 27 - . 2 3 1 . 6 6 . 1 9
1 . 1 2 . 19 1 . 8 5 1 . 3 6 . 15
1 . 4 0 . 24 ★★★ 1 . 5 4 1 . 6 4 . 1 8 ★★★
1 . 1 0 . 19 ★★★ 1.41 1 . 5 8 . 1 8 k k k
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A Asd A se A A s d A s e 2

047 SIMP 4 6 - 5 2 . 56 2 . 2 5 . 39 - . 5 3 3 . 8 2 . 43 * -
048 SIMP 4 6 - 5 3 1 . 4 3 1 . 4 6 .25 1 . 4 7 1 . 9 0 .21 ★ ★★

049 SIMP 4 6 - 5 4 1 . 2 2 . 7 6 . 13 ★ ★★ 1 . 0 8 . 84 . 10 ***

050 SIMP 4 6 - 5 5 1 . 0 8 1 . 3 6 . 23 1 . 3 5 1 .17 . 13 ***

051 SIMP 4 6 - 5 6 . 4 2 .61 . 10 *** . 7 6 . 95 .11 ***

052 SIMP 4 6 - 5 7 1 . 1 4 1 . 0 9 .19 ★ ** 1 . 0 5 1 . 1 9 . 13 ★ ★★

053 SIMP 4 6 - 5 8 1 . 1 2 1 . 1 8 . 20 ★ ★★ 1 . 1 6 1 . 4 8 . 17
054 SIMP 4 6 - 5 9 . 6 7 1 . 1 2 . 19 ★ ★★ . 99 1. 21 . 14 ★ ★★

055 SIMP 4 6 - 6 0 . 0 4 1 . 5 9 .27 - . 4 6 1 . 6 7 . 19 *

056 SIMP 46-61 1 . 1 5 2 . 3 0 . 39 ** 1 . 0 6 2 . 4 2 . 27
057 SIMP 4 6 - 6 2 . 0 8 1 . 0 6 . 1 8 - - . 1 0 . 8 0 . 09 -
058 SIMP 4 6 - 7 5 . 7 6 1 . 5 2 . 26 ★ * 1 . 9 7 1 . 7 9 . 2 0 ***

059 SIMP 4 6 - 7 6 1 . 6 7 1 . 5 3 . 26 *** 1. 81 1 . 6 4 . 18 ***

060 SIMP 4 6 - 7 7 2 . 1 2 1 . 4 3 .24 *** 3 . 2 3 2 . 3 5 .26 ★ ★★

061 SIMP 4 6 - 7 8 1 . 7 3 1 . 3 3 . 23 *★* 3 . 1 0 2 . 3 2 .26 ***

062 SIMP 4 6 - 7 9 - . 2 4 1 . 2 3 .21 - . 8 4 1 . 8 8 .21 ***

063 SIMP 4 6 - 8 0 . 8 8 1 . 7 4 . 30 2 . 8 7 2 . 1 0 . 2 4 ★ ★★

064 SIMP 46-81 . 9 6 1 . 8 0 .31 ** 2 . 3 2 2 . 3 3 . 26 ***

065 SIMP 4 6 - 8 2 1 . 5 4 1 . 8 3 .31 ★ ★★ 3 . 1 0 2 . 3 7 . 27 ★ ★★

066 SIMP 4 6 - 8 3 . 9 5 1 . 8 2 .31 2 . 5 6 2 . 7 6 .31 ***

067 SIMP 4 6 - 8 4 2 . 5 4 1 . 9 8 . 34 *★* 4 . 5 0 2 . 7 2 .31 ★ ★★

068 SIMP 4 6 - 8 5 3 . 1 4 2 . 91 . 50 *** 5 . 7 3 4 . 1 1 . 46
069 SIMP 4 6 - 8 6 3 . 1 6 2 . 9 2 . 50 *** 5 . 6 2 3 . 7 5 . 42 ***

070 SIMP 4 6 - 8 7 2. 01 2 . 6 5 . 45 *** 4 . 4 3 3 . 6 3 .41 ***

071 3PTA 5 4 - 4 6 - 1 . 4 8 . 7 0 . 12 *** - . 0 4 . 76 . 09 -
072 3PTA 5 4 - 4 6 - 2 . 5 0 . 66 .11 .01 . 78 . 09 -
073 3PTA 5 4 - 4 6 - 3 .63 . 7 6 .13 . 1 4 .71 . 0 8 -
074 3PTA 5 4 - 4 6 - 4 . 6 0 . 8 3 . 14 . 0 2 . 8 5 . 1 0 -
075 3PTA 5 4 - 4 6 - 5 . 3 4 . 7 2 . 12 . 1 0 . 7 5 . 0 8 -
076 3PTA 5 4 - 4 6 - 6 . 2 3 . 6 0 . 1 0 * . 1 2 . 67 . 0 8 -
077 3PTA 5 4 - 4 6 - 7 . 1 9 . 6 2 .11 - .11 . 67 . 0 8 -
078 3PTA 5 4 - 4 6 - 8 . 0 7 . 6 7 . 12 - . 0 8 . 7 3 . 0 8 -
079 3PTA 5 4 - 4 6 - 9 .51 . 6 9 . 12 *** . 5 0 . 7 4 . 0 8
080 3PTA 5 4 - 4 6 - 1 0 . 2 0 . 5 7 . 10 * . 0 8 . 5 4 . 06 -
081 3PTA 5 4 - 4 6 - 1 1 - . 1 5 . 7 6 .13 - - . 1 2 . 72 . 0 8 -
082 3PTA 5 4 - 4 6 - 1 2 - . 0 7 . 6 6 .11 - - . 0 1 . 54 . 06 -
083 3PTA 5 4 - 4 6 - 1 3 - . 0 3 . 8 2 . 1 4 - - . 0 1 . 7 5 . 09 -
084 3PTA 5 4 - 4 6 - 1 4 . 02 . 5 8 . 10 - - . 0 2 . 55 . 06 -
085 3PTA 5 4 - 4 6 - 1 5 . 1 5 . 8 4 . 14 - . 0 2 . 87 . 10
086 3PTA 5 4 - 4 6 - 1 6 - . 0 6 1 . 1 4 . 20 - - . 2 5 . 9 8 .11 *
087 3PTA 5 4 - 4 6 - 1 7 . 4 7 . 8 9 . 15 .01 . 75 . 0 9
088 3PTA 5 4 - 4 6 - 1 8 - . 1 2 . 9 2 . 16 - . 02 . 7 8 . 09 -
089 3PTA 5 4 - 4 6 - 1 9 - . 0 2 1 . 0 3 . 18 - - . 0 5 . 85 . 1 0 -
090 3PTA 5 4 - 4 6 - 2 0 - . 6 8 1 . 0 7 . 18 • k ' k ' k - . 6 6 1 . 0 5 .12 ***
091 3PTA 5 4 - 4 6 - 2 1 - . 3 1 . 9 4 . 16 - - . 3 3 . 9 0 . 10 **
092 3PTA 5 4 - 4 6 - 2 2 - . 3 3 .91 . 16 * - . 4 0 . 8 4 . 09 ***
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093 3PTA 5 4 - 4 6 - 2 3 - . 5 3 1 . 0 3 . 1 8  ’ ** - . 3 7 .91 . 1 0 ★ ★★

094 3PTA 5 4 - 4 6 - 2 4 - . 5 1 1. 11 . 1 9 * * - . 3 9 . 7 9 . 0 9 ★ ★★

095 3PTA 5 4 - 4 6 - 2 5 - . 4 4 . 9 8 . 17 ** - . 4 7 . 89 . 1 0
096 3PTA 5 4 - 4 6 - 2 6 - . 4 0 1 . 0 3 . 1 8 ★ - . 1 4 . 77 . 0 9 -
097 3PTA 5 4 - 4 6 - 2 7 - . 2 1 1 . 2 8 . 22 - . 3 2 1 . 3 3 . 15 *

098 3PTA 5 4 - 4 6 - 2 8 - . 8 0 . 9 3 . 1 6 - . 4 7 . 8 9 . 1 0 ***

099 3PTA 5 4 - 4 6 - 2 9 - . 6 7 1 . 1 2 . 1 9 **•* - . 2 5 1 . 0 3 . 1 2 *

100 3PTA 5 4 - 4 6 - 3 0 . 77 1 . 6 9 . 2 9 .71 1 . 0 4 . 1 2
101 3PTA 5 4 - 4 6 - 3 1 . 39 . 6 2 .11 *** - . 5 5 . 8 9 . 1 0 ***

102 3PTA 5 4 - 4 6 - 3 2 .41 . 79 . 1 4 - . 4 1 . 87 . 1 0 ■kk-k

103 3PTA 5 4 - 4 6 - 3 3 - . 0 2 1 . 0 2 . 1 7 - - . 6 5 1.01 .11 ■k'k'k

104 3PTA 5 4 - 4 6 - 3 8 - . 3 0 1 . 01 . 17 - - . 3 9 . 9 4 .11 ***

105 3PTA 5 4 - 4 6 - 3 9 - . 3 3 1 . 6 9 . 2 9 - - . 4 1 1 . 4 3 . 1 6 **

106 3PTA 5 4 - 4 6 - 4 0 - . 2 9 1 . 5 8 . 27 - - . 0 6 1 . 2 9 . 1 5 -

107 3PTA 5 4 - 4 6 - 4 1 . 73 1 . 7 6 . 3 0 ★ . 17 1 . 3 9 . 16 -

108 3PTA 5 4 - 4 6 - 4 2 . 2 4 2 . 5 6 . 4 4 - - 1 . 1 4 2 . 7 9 .31
109 3PTA 5 4 - 4 6 - 4 3 1 . 2 0 3 . 0 5 . 5 2 ★ . 3 7 2 . 2 7 . 2 6 -

110 3PTA 5 4 - 4 6 - 4 4 . 57 6 . 1 0 1 . 0 5 - - 1 . 5 3 7 . 01 . 7 9 -
111 3PTA 5 4 - 4 6 - 4 5 . 9 8 8 . 4 3 1 . 4 5 - - 1 . 1 6 6 . 3 0 .71 -

112 3PTA 5 4 - 4 6 - 4 7 .21 1 . 0 9 . 19 - - . 0 6 1.01 .11 -
113 3PTA 5 4 - 4 6 - 4 8 - . 2 4 1.31 . 2 3 - . 2 5 . 97 .11 ★

114 3PTA 5 4 - 4 6 - 4 9 - . 5 9 1 . 3 9 . 2 4 ★ - . 1 6 . 9 3 . 1 0 -
115 3PTA 5 4 - 4 6 - 5 0 1.41 1 . 4 8 . 2 5 1 . 7 7 2 . 0 5 . 2 3 k'k'k

116 3PTA 5 4 - 4 6 - 5 1 . 10 . 73 . 1 3 - . 0 6 .81 . 0 9 -
117 3PTA 5 4 - 4 6 - 5 2 . 44 1 . 0 5 . 1 8 ★ . 5 6 2 . 0 6 . 2 3 k

118 3PTA 5 4 - 4 5 - 5 3 - . 3 7 1 . 1 3 . 19 - - . 2 0 1 . 3 0 . 1 5 -
119 3PTA 5 4 - 4 6 - 5 5 - . 0 8 . 6 8 . 12 - - . 1 5 . 73 . 0 8 -
120 3PTA 5 4 - 4 6 - 5 6 - . 7 6 2 . 1 8 . 37 ★ - . 6 4 1 . 71 . 1 9 ★ ★★

121 3PTA 5 4 - 4 6 - 5 7 - . 0 2 . 9 6 . 1 6 - .01 . 7 0 . 0 8 -
122 3PTA 5 4 - 4 6 - 5 8 - . 0 4 1 . 2 0 .21 - - . 2 9 . 8 4 . 1 0
123 3PTA 5 4 - 4 6 - 5 9 . 78 1 . 9 9 . 3 4 ★ . 3 8 1 . 5 6 . 1 8 ★

124 3PTA 5 4 - 4 6 - 6 0 . 19 1 . 2 3 .21 - . 33 1 . 1 9 . 1 3 ★

125 3PTA 5 4 - 4 6 - 6 1 . 30 2 . 2 5 . 39 - . 36 2 . 7 5 .31 -
126 3PTA 5 4 - 4 6 - 6 2 - 1 . 6 9 2 . 4 2 . 42 - 1 . 6 4 2 . 8 7 . 3 2 ***

127 3PTA 5 4 - 4 6 - 7 5 - . 6 2 1 . 72 . 3 0 * - . 4 6 1 . 21 . 14
128 3PTA 5 4 - 4 6 - 7 6 .69 1 . 8 9 . 3 2 * . 3 3 1 . 7 5 . 2 0 -
129 3PTA 5 4 - 4 6 - 7 7 1 . 0 3 . 9 3 . 1 6 *** 1 . 1 2 . 9 5 .11 ★ ★★

130 3PTA 5 4 - 4 6 - 7 8 1 . 1 5 . 9 6 . 17 ★ ★★ 1 . 1 2 . 9 3 .11 ★ ★★

131 3PTA 5 4 - 4 6 - 7 9 1 . 2 3 1. 01 . 17 1 . 0 9 . 8 8 . 1 0
132 3PTA 5 4 - 4 6 - 8 0 1 . 6 6 . 97 . 17 *** 1 . 8 7 1 . 25 . 1 4
133 3PTA 5 4 - 4 6 - 8 1 1 . 9 5 1 . 1 7 . 2 0 *** 2 . 31 1 . 4 6 . 16 ***

134 3PTA 5 4 - 4 6 - 8 2 1 . 3 4 1 . 01 . 17 1 . 1 8 1 . 1 6 . 13
135 3PTA 5 4 - 4 6 - 8 3 1 . 0 7 1 . 0 2 . 1 8 ■ k 'k 'k . 6 5 1 . 2 2 . 1 4
136 3PTA 5 4 - 4 6 - 8 4 . 6 8 . 87 . 1 5 **★ . 38 1 . 11 . 13 **

137 3PTA 5 4 - 4 6 - 8 5 . 85 1 . 1 7 . 2 0 *** . 3 8 1 . 31 . 15 **

138 3PTA 5 4 - 4 6 - 8 6 1 . 0 0 1 . 31 . 2 3 . 33 1 . 1 7 . 1 3 * ★

139 3PTA 5 4 - 4 6 - 8 7 1.01 1 . 7 5 . 3 0 ★ ★ . 35 1 . 3 0 . 1 5 k
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140 SIMP 4 3 - 3 2 . 4 9 1.71 . 29 ★★★ 3 . 2 5 2.87 . 32
141 SIMP 4 3 - 1 7 1 .9 2 1 .8 2 .31 2 . 8 6 2.71 .31
142 SIMP 43-31 1.61 2. 01 . 34 *** 3 . 7 5 3 . 2 3 . 36 ★★★
143 SIMP 3 1 - 3 1 . 1 5 1 . 0 9 . 19 ★★★ . 7 4 1 . 2 6 . 14
144 PDIS 6 1 / 4 1 - 3 2 . 8 8 1.61 . 2 8 ★★ . 87 1 . 8 4 .21
145 SIMP 3 3 - 3 0 - . 2 1 1 . 9 8 . 34 - - . 4 1 1.41 .16
146 SIMP 3 1 - 3 0 . 2 7 1 . 5 5 . 27 - . 15 1 . 14 . 13 -

147 PDIS 3 0 / 3 - 5 1 . 0 4 2 . 1 2 . 36 ** 1 . 2 4 1 . 6 7 . 19 *★*
148 PDIS 3 3 / 3 - 5 . 85 1 . 1 4 . 20 . 85 1 . 5 2 . 17 k'k'k

149 PDIS 6 1 / 3 1 - 1 1 . 0 0 1 . 9 4 . 33 2 . 31 2 . 8 6 .32 k k k

150 SIMP 1 7 - 3 .43 . 6 0 . 10 . 36 .66 .07 k k k

151 PDIS 3 / 5 4 - 4 . 4 8 . 56 . 10 .11 . 83 . 09 -

152 PDIS 5 / 3 2 - 1 . 9 0 . 6 8 .12 *** . 86 1 . 2 2 . 14
153 PDIS 6 / 3 2 - 1 1 . 1 7 1 . 1 0 . 19 ★★★ 1 . 0 6 1 . 26 . 14
154 PDIS 15 /32-1 1 .25 1 . 6 9 . 29 *** 1 . 0 4 1 . 5 2 .17 ★**
155 PDIS 2 1 / 3 2 - 1 1 . 1 8 1 . 2 5 .21 *** 1 . 0 9 1 . 3 9 . 16 ***
156 PDIS 2 5 / 3 2 - 1 1 . 4 7 1 . 2 4 .21 1 . 6 0 1 . 4 2 .16 ***
157 PDIS 6 / 5 4 - 4 . 6 9 1 . 0 6 . 18 *** - . 1 6 2 . 0 7 .23 -

158 PDIS 6 / 1 1 - 3 . 1 9 . 82 . 14 - - . 0 9 1 . 3 7 . 15 -

159 SIMP 60-11 1 . 0 2 1 . 5 6 . 27 *** 1 . 21 1 . 4 3 .16
160 PDIS 1 1 / 5 4 - 3 . 27 . 8 5 . 15 - - . 1 0 .94 .11 -

161 PDIS 4 4 / 5 4 - 4 6 . 33 4 . 1 4 .71 - 1 . 6 2 4 . 1 3 .47
162 SIMP 4 7 - 5 9 1 . 0 5 1 .01 .17 1 . 0 3 1 . 12 . 13
163 PDIS 5 9 / 5 4 - 4 6 .81 . 9 7 . 17 *** 1 . 0 5 1 . 02 .12 ***
164 PDIS 1 2 / 5 4 - 4 6 . 56 1 . 0 6 . 18 ★ * 1.01 1 . 1 8 . 13 ★★★
165 PDIS 5 8 / 5 4 - 4 6 .82 1 . 3 6 . 23 *** . 7 0 1 . 2 3 .14
166 PDIS 5 8 / 5 9 - 1 2 - . 0 5 1 . 3 3 . 23 - . 39 1 . 0 4 .12
167 PDIS 5 7 / 5 4 - 4 6 . 4 9 .91 . 16 *★ . 47 .80 . 09 k k k

168 PDIS 5 7 / 5 9 - 1 2 , 22 . 96 . 16 - . 58 1 . 1 0 .12 k k k

169 PDIS 5 1 / 4 6 - 5 4 .21 . 87 . 15 - .21 1 . 0 7 . 12 -

170 SIMP 5 1 - 5 7 .51 1 . 0 3 . 18 ** . 8 2 1 . 5 8 . 18
171 PDIS 1 0 / 1 2 - 5 9 .83 1 . 19 . 20 . 3 6 1 . 2 5 .14 *★
172 PDIS 8 / 1 2 - 5 9 .81 1 . 2 0 .21 ★★★ . 67 1 . 22 .14 k k k

173 PDIS 1 4 /1 2 -5 9 .63 1 . 3 0 . 22 . 5 4 1 . 07 .12 ***
174 PDIS 2 6 /1 2 -5 9 . 3 4 1 . 0 6 . 18 - . 73 1 . 2 9 .15
175 PDIS 2 3 /1 2 -5 9 . 4 2 1 . 1 7 . 20 ★ . 8 0 1 . 2 3 .14 ***
176 PDIS 8 / 1 1 - 3 . 4 8 . 96 .16 . 67 1 . 2 2 . 14 -

177 PDIS 9/NP45 - . 2 2 2 . 9 3 . 50 - - . 0 2 1 . 7 4 . 20 -

178 PDIS 9/NP44 .01 3 . 7 5 . 64 - - . 4 3 3 . 9 4 . 44 -

179 SIMP 3 9 - 5 4 1 . 5 2 1 . 2 9 . 22 *** 1 . 3 5 2 . 0 2 . 23
180 SIMP 4 7 - 5 4 1 . 3 2 1 . 0 4 . 1 8 . 8 9 .81 . 0 9 **★
181 PDIS 4 6 / 6 0 - 4 7 - . 1 3 .61 .11 - . 1 7 . 59 . 07 kk

182 PDIS 5 6 / 4 7 - 6 0 . 47 . 8 4 . 15 . 5 4 . 94 .11 k k k

183 PDIS 5 4 / 4 7 - 6 0 1 . 2 9 1 . 1 3 . 19 *** . 7 9 . 90 . 10 k k k

184 PDIS 1 1 / 4 7 - 6 0 . 9 9 1 . 53 . 26 1 . 2 7 1 . 3 9 .16 k k k

185 PDIS 3 1 /6 0 -4 7 . 39 2 . 2 8 . 39 - - 1 . 2 4 2 . 4 3 .27 k k k
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186 PDIS 4 / 4 7 - 6 0 . 17  'T 3 8  "~ T ? i 1 . 6 7 2 . 4 3 ~ 7 ***

187 PDIS 3 / 4 7 - 6 0 .52 2 . 8 0 . 4 8 - 2 . 0 6 2 . 9 2 . 3 3 kkk

188 SIMP 4 1 - 5 4 1 . 5 8 1 . 3 0 . 2 2 *** 1 . 6 3 1 . 4 5 . 1 6 k k k

189 SIMP 4 3 - 5 4 1 . 6 5 1 . 4 3 . 2 5 1 . 2 2 1 . 5 4 . 17 kkk

190 SIMP 43-11 1 . 5 7 1 . 4 6 . 2 5 kkk 1 . 5 8 1 . 5 9 . 1 8 k k k

191 SIMP 4 3 - 2 2 . 2 3 1 . 7 8 .31 kkk 3 . 1 9 2 . 8 2 . 32 k k k

192 SIMP 4 0 - 5 4 1 . 3 3 1 .45 . 25 kkk 1 . 5 9 1 . 31 . 1 5 k k k

193 SIMP 40-11 . 89 1 . 3 9 . 2 4 kkk 1 . 5 5 1 . 3 6 . 15 k k k

194 SIMP 4 0 - 4 . 5 4 1 . 2 4 .21 k 2 . 0 5 2 . 11 . 2 4 k k k

195 PDIS 11/NP44 .29 3 . 6 4 . 6 3 - . 1 3 2 . 5 2 . 2 8 -
196 PDIS 3/NP44 .15 6 . 2 3 1 . 0 7 - . 42 4 . 7 3 . 5 3 -
197 PDIS 11/NP45 - . 3 6 3 . 1 3 . 5 4 - . 9 1 3 . 2 5 . 37 *

198 PDIS 3/NP45 - 1 . 2 9 5 . 6 6 . 97 _ - 1 . 6 1 6 . 3 9 . 7 2 -
199 SIMP 5 4 - 1 2 . 57 1 . 1 0 . 1 9 ★★ 1 . 0 2 1 . 1 8 . 1 3
200 SIMP 12-1 2 . 0 7 1 . 5 4 . 26 *** 1 . 8 6 2 . 01 . 23
201 SIMP 54-1 2 . 5 9 1 . 81 .31 *** 2 . 8 6 2 . 4 9 . 2 8
202 SIMP 59-31 . 69 1 . 7 6 . 3 0 k 1 . 8 9 1 . 81 . 2 0
203 PDIS 5 4 / 5 9 - 1 2 .61 .96 . 1 7 kkk . 9 8 1 . 0 4 . 1 2 ★★★

204 PDIS 1 / 1 2 - 5 9 1 . 7 7 1 . 4 4 . 25 kkk 1 . 8 6 2 . 0 0 . 2 3
205 PDIS 4 6 / 5 9 - 1 2 . 9 8 1 . 2 8 .22 kk k 1 . 1 4 1 . 21 . 1 4 ***

206 PDIS 3 1 / 1 2 - 5 9 . 43 1 . 8 2 .31 - 2 . 4 4 2 . 3 8 . 2 7
207 SIMP 6 2 - 2 2 . 4 0 1 . 7 0 . 2 9 3 . 5 7 2 . 8 8 . 3 2 ★★★

208 SIMP 3 1 - 5 8 1 . 6 4 1 . 6 4 . 2 8 kkk 2.31 1 . 8 7 .21
209 SIMP 4 8 - 4 9 . 80 1 . 2 2 .21 kkk 1 . 7 2 1 . 7 8 . 2 0 k k k

210 SIMP 5 0 - 5 2 1 . 9 8 2 . 5 9 . 4 4 kkk 4 . 1 8 4 . 6 7 . 5 3 k k k

211 SIMP 6 3 - 6 5 . 45 . 96 . 1 7 kk . 6 8 1 . 0 6 . 1 2 k k k

212 SIMP 6 4 - 6 6 .36 .76 . 1 3 ** . 89 . 8 5 . 1 0 k k k

213 SIMP 3 8 - 4 0 . 33 2 . 1 9 . 3 8 - - . 4 0 1 . 7 5 . 2 0 k

214 SIMP 6 6 - 6 7 - . 1 2 .87 . 1 5 - - . 3 0 . 7 6 . 0 9 k k k

215 SIMP 6 4 - 6 8 . 93 1 . 1 3 . 19 kkk 1 . 5 4 1 . 2 3 . 1 4 k k k

216 PDIS 8 1 / 8 0 - 8 4 - . 7 0 .82 . 1 4 kkk - 1 . 4 7 1 . 3 6 . 15 k k k

217 PDIS 8 3 / 8 0 - 8 4 - . 9 6 .99 . 1 7 kkk - . 9 5 1 . 6 4 . 19 k k k

218 PDIS 8 5 / 8 0 - 8 4 - . 5 5 1 . 4 3 . 24 k . 15 1 . 6 5 . 1 9 -
219 PDIS 7 8 / 8 0 - 8 4 2 . 2 7 2 . 0 4 . 3 5 kkk 2 . 1 7 2 . 8 7 . 3 2 k k k

220 SIMP 9 3 - 9 2 . 76 2 . 6 9 . 4 6 - 1 . 0 9 2 . 7 8 .31 ★★★

221 SIMP 92-91 - . 0 4 2 . 2 2 . 3 8 - . 14 2 . 3 4 . 2 6 -
222 SIMP 1 2 - 8 2 2 . 1 9 1 . 8 2 .31 ★★★ 2 . 8 0 2 . 1 4 . 2 4 kkk

223 SIMP 5 4 - 7 8 2 . 2 5 1.51 . 2 6 *** 3 . 4 2 2 . 1 1 . 24 k k k

224 SIMP 6 - 8 .15 1 . 0 3 . 1 8 - - . 1 1 1 . 2 4 . 1 4 -
225 3PTA 4 6 - 5 4 - 4 - . 7 0 . 7 8 . 1 3 kkk . 22 . 8 0 . 0 9 k

226 3PTA 4 6 - 5 4 - 1 1 - . 2 8 . 90 . 1 5 - . 15 . 7 5 . 0 8 -
227 3PTA 3 9 - 5 4 - 3 - . 5 7 1 . 0 4 . 1 8 . 13 . 8 8 . 1 0 -
228 3PTA 4 0 - 5 4 - 1 1 - . 2 6 . 77 . 13 - . 13 . 8 6 . 1 0 -
229 4PTA 4 6 - 5 4 / 4 4 - 5 7 0 3 . 0 4 . 52 - - . 4 7 2 . 5 8 . 2 9 -
230 4PTA 3 9 - 5 4 / 4 4 - 5 7 .01 3 . 2 7 . 5 6 * - . 7 6 2 . 8 7 . 3 2 -
231 4PTA 4 6 - 5 4 / 5 9 - 1 2 - . 5 0 2 . 4 5 . 4 2 - - . 2 5 1 . 01 .11 ★
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FEMALE MALE

A A s d A s e A A s d A s e

232 4PTA 4 6 - 5 4 / 2 9 - 1 8 - . 5 0 2 . 4 5 . 4 2 - - . 8 5 2 . 0 8 . 2 3 ***
233 4PTA 4 6 - 5 4 / 2 4 - 7 . 66 2 . 1 0 . 36 - - . 3 3 2 . 1 6 . 2 4 -
234 4PTA 4 6 - 5 4 /3 1 - 2 . 34 1 . 0 0 . 1 7 ★ - . 8 7 1 . 3 4 . 15
235 4PTA 4 6 - 5 4 / 3 2 - 1 . 38 1 . 1 4 . 20 - - 1 . 0 5 1 . 4 2 . 1 6 ★★★
236 4PTA 4 6 - 5 4 / 4 1 - 3 2 . 55 1 . 5 8 . 27 k - . 1 8 1 . 4 4 . 16 -
237 4PTA 4 6 - 5 4 / 4 7 - 6 0 - . 0 7 1 . 51 . 26 - . 16 1 . 3 6 . 1 5 -
238 4PTA 5 7 - 4 4 / 5 4 - 3 - .  56 2 . 9 3 . 5 0 - - . 6 2 3 . 0 5 . 3 4 -
239 4PTA 4 4 - 5 7 / 2 9 - 1 8 - . 3 8 3 . 5 7 .61 - . 05 3 . 5 8 . 4 0 -
240 4PTA 4 4 - 5 7 / 2 4 - 7 . 82 3 . 2 2 .55 - . 53 3 . 0 2 . 3 4 -
241 4PTA 4 4 -5 7 /3 2 -1 . 45 2 . 9 2 . 5 0 - - . 1 6 3 . 3 4 . 3 8 -
242 4PTA 4 4 - 5 7 / 4 1 - 3 2 . 62 3 .4 5 . 59 - .71 3.41 . 3 8 -
243 4PTA 4 4 - 5 7 / 4 6 - 2 . 57 3 . 0 0 .52 - . 9 0 3 . 0 5 .34
244 4PTA 4 0 - 5 4 / 4 6 - 2 . 49 .89 . 15 ** . 04 .95 .11 -
245 4PTA 4 0 - 5 4 / 6 2 - 2 . 86 1 . 04 . 1 8 kkk . 19 1 . 1 5 . 1 3 -
246 4PTA 5 9 - 1 2 / 2 9 - 1 8 - . 0 7 2 . 6 9 . 46 - - . 4 9 2 . 1 2 . 2 4 k

247 4PTA 5 9 - 1 2 / 3 2 - 1 . 8 0 1 . 3 3 . 2 3 - . 8 1 1 . 5 9 . 1 8 k k k

248 4PTA 6 0 -4 7 /5 9 -1 2 - . 3 5 2 . 0 0 . 3 4 - - . 4 0 1 . 5 6 . 18 k

249 4PTA 6 0 - 4 7 / 2 9 - 1 8 - . 4 2 3 . 0 5 .52 - - 1 . 0 1 2 . 6 2 . 2 9 ***

250 4PTA 6 0 -4 7 /3 2 -1 . 45 2 . 0 9 . 36 - - 1 . 2 1 2 . 0 3 . 2 3
251 4PTA 3 - 5 4 / 1 - 3 2 .11 .86 . 15 - . 79 1 . 0 0 .11 ***

252 3PTA 4 1 - 3 2 - 1 - . 1 7 1 .7 3 .30 - - . 8 7 1 . 4 3 . 16 ★★★
253 3PTA 6 1 - 3 1 - 1 - . 3 9 2 .2 3 . 3 8 - .26 1 . 7 0 . 1 9 -
254 4PTA 3 - 5 4 / 4 - 1 1 . 8 0 1 . 2 4 .21 kkk - . 1 4 1 . 3 8 .16 -
255 3PTA 5 4 - 1 1 - 3 - . 3 4 1 .67 .29 - - . 0 1 1 . 6 5 . 19 -
256 4PTA 5 4 - 4 6 / 1 3 - 8 - 1 . 2 8 3 . 3 3 . 57 ★ - 1 . 7 3 4 . 1 9 . 47
257 4PTA 1 2 - 5 9 / 1 3 - 8 - 1 . 7 1 3 . 4 6 . 59 kk - 1 . 9 7 4 . 1 7 . 47
258 4PTA 1 - 3 2 / 8 - 1 3 . 9 0 3 . 1 8 . 55 - 2 . 7 8 3 .96 . 4 5 ***

259 4PTA 5 4 - 1 1 / 1 3 - 8 - 1 . 0 8 3 . 4 2 . 5 9 - - 1 . 6 3 4 . 1 8 . 47 ***

260 4PTA 5 9 - 1 2 / 2 7 - 2 3 . 44 5 . 1 2 . 8 8 - - 1 . 2 9 4 .3 3 . 4 9 **

261 4PTA 8 - 1 3 / 6 - 1 6 . 03 4 . 6 7 . 80 - 2 . 4 8 5 . 8 7 . 6 6
262 4PTA 5 4 - 4 6 / 6 - 1 6 - 1 . 2 5 3 . 1 0 . 5 3 ★ . 75 3 . 5 3 . 4 0 -
263 4PTA 5 7 - 4 4 / 6 - 1 6 - 1 . 3 2 4 . 0 6 . 7 0 - - . 1 4 4 . 7 9 . 54 -
264 4PTA 1 2 - 5 9 / 6 - 1 6 - 1 . 6 8 2 . 7 3 . 4 7 ★★★ .51 3 . 8 7 . 4 4 -
265 4PTA 7 - 2 4 / 6 - 1 6 - . 5 9 3 . 6 9 . 6 3 - .41 4 . 0 6 . 46 -
266 4PTA 1 -3 2 /1 6 - 6 . 87 2 . 7 3 . 4 7 - . 30 3 . 2 3 . 36 -
267 4PTA 3 - 1 1 / 1 6 - 6 .53 2 . 41 .41 - - . 3 3 3 . 0 9 . 3 5 -
268 4PTA 4 - 5 4 / 1 6 - 6 . 55 2 . 7 4 . 47 - - . 5 3 3 . 3 3 .3 8 -

269 4PTA 3 2 - 1 /2 5 - 2 0 - 1 . 1 1 4 . 2 0 . 72 - 1 . 0 9 4 . 5 0 .51 *
270 3PTA 4 6 - 5 4 - 5 5 - . 5 2 2 . 7 6 . 47 - . 4 9 2 . 0 2 . 23 *

271 3PTA 7 5 - 7 6 - 7 7 4 . 4 6 7 . 3 3 1 . 2 6 ★★★ . 56 8 . 1 2 .91 -

272 3PTA 7 6 - 7 7 - 7 9 - 4 . 6 1 4 . 4 6 . 76 *** - 4 . 7 7 4 . 1 3 . 4 7 ***
273 3PTA 7 6 - 7 8 - 7 9 - 4 . 2 3 4 . 1 4 .71 *** - 5 . 3 1 4 . 1 8 . 47
274 3PTA 7 8 - 7 9 - 8 1 - 5 . 1 9 6 . 4 5 1 . 11 ★★★ - 3 . 8 7 7 . 1 9 .81 ★★★

275 3PTA 8 3 - 8 4 - 8 5 8 . 0 7 7 . 9 6 1 . 3 7 5 . 7 5 9 . 9 2 1 . 1 2 k k k

276 4PTA 5 7 - 4 4 / 8 3 - 8 5 3 . 4 4 4 . 2 9 . 7 4 3 . 7 7 5 . 9 8 . 6 7 k k k

277 4PTA 5 7 - 4 4 / 8 0 - 8 4 2. 41 4 . 0 3 . 6 9 *** 1 . 8 9 4 . 4 9 .51 ★★★
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APPENDIX H 
AGE SPAN SUMMARY
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AGE SPAN SUMMARY 

(UNTREATED-INITIAL TO FINAL)

Number Sex E ntry  Age F i n a l  Age Span

1 M 17 25 8
2 M 17 25 8
3 M 17 25 8
U M 17 25 8
5 M 17 26 9
6 M 17 26 9
7 M 17 27 10
8 M 17 27 10
9 M 17 27 10
10 M 17 27 10
11 M 17 28 11
12 M 17 28 11
13 M 17 28 11
14 F 17 29 12
15 M 17 30 13
16 M 17 30 13
17 F 17 33 16
18 M 17 34 17
19 F 17 35 18
20 F 17 36 19
21 F 17 37 20
22 F 17 38 21
23 M 17 39 22
24 M 17 41 24
25 F 17 44 27
26 F 17 46 29
27 F 17 47 30
28 F 17 49 32
29 M 17 49 32
30 M 17 49 32
31 M 17 49 32
32 M 17 49 32
33 M 17 49 32
34 M 17 50 33
35 M 17 51 34
36 M 17 51 34
37 F 17 51 34
38 F 17 51 34
39 F 17 51 34
40 F 17 52 35
41 M 17 52 35
42 F 17 53 36
43 M 17 53 36
44 M 17 53 36
45 F 17 54 37
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imber Sex E ntry  Age F i n a l  Age Span

46 M 17 54 37
47 M 17 54 37
48 M 17 54 37
49 F 17 55 38
50 F 17 56 39
51 M 17 56 39
52 M 17 56 39
53 M 17 56 39
54 M 17 56 39
55 M 17 56 39
56 F 17 57 40
57 F 17 57 40
58 M 17 57 40
59 M 17 57 40
60 M 17 58 41
61 M 17 58 41
62 M 17 58 41
63 M 17 58 41
64 M 17 58 41
65 F 17 58 41
66 F 17 58 41
67 M 17 59 42
68 M 17 59 42
69 M 17 59 42
70 M 17 59 42
71 M 17 59 42
72 F 17 60 43
73 M 17 61 44
74 M 18 25 7
75 F 18 25 7
76 F 18 27 9
77 M 18 42 24
78 F 18 46 28
79 M 18 50 32
80 F 19 25 6
81 M 19 51 32
82 M 19 53 34
83 M 19 56 37
84 M 20 25 5
85 F 20 26 6
86 M 20 44 24
87 M 20 70 50
88 M 21 33 12
89 M 21 52 31
90 M 21 52 31
91 M 21 63 42
92 F 22 32 10
93 M 22 47 25
94 M 23 67 44
95 M 25 36 11
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Number Sex E n try  Age F i n a l  Age Span

96 M 25 37 12
97 M 26 35 9
98 M 27 40 13
99 M 27 46 19

100 M 27 50 23
101 M 28 52 34
102 M 28 79 51
103 M 29 40 11
104 M 30 40 10
105 F 31 38 7
106 F 31 71 40
107 F 32 36 4
108 F 33 50 17
109 M 34 41 7
110 M 34 54 20
111 F 34 83 49
112 M 36 49 13
113 M 36 77 41
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AGE SPAN SUMMARY 

(TREATED-INITIAL TO FINAL)

m ber Sex E ntry  Age F i n a l  Age Span

1 F 17 26 9
2 M 17 27 10
3 M 17 27 10
4 M 17 28 11
5 M 17 28 11
6 M 17 47 30
7 M 17 51 34
8 M 17 51 34
9 M 17 55 38
10 M 17 56 39
11 M 17 59 42
12 F 18 26 8
13 F 18 27 9
14 F 18 33 15
15 F 18 48 30
16 F 18 56 38
17 F 19 25 6
18 F 19 26 7
19 M 19 26 7
20 F 19 27 8
21 F 19 29 10
22 M 20 26 6
23 F 20 55 35
24 F 20 64 44
25 F 21 25 4
26 M 21 60 39
27 M 22 50 28
28 M 28 39 11
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AGE SPAN SUMMARY

(DENTAL-INITIAL TO FINAL)

Number Sex E n try  Age F i n a l  Age Span

1 F 17 51 34
2 F 17 57 40
3 F 17 58 41
4 M 17 61 44
5 F 17 64 47
6 M 17 65 48
7 F 18 56 38
8 M 21 72 51
9 F 30 72 42
10 M 31 81 50
11 M 38 64 26
12 F 64 68 4
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AGE SPAN SUMMARY

(UNTREATED-SPECIFIED INITIAL AGES)

Number Sex E ntry  Age F i n a l  Age Span

1 F 25 32 7
2 F 25 35 10
3 M 25 36 11
4 M 25 37 12
5 M 25 51 26
6 M 25 56 31
7 M 25 56 31
8 M 25 56 31
9 M 25 58 33
10 M 25 59 34
11 M 26 35 9
12 M 26 58 12
13 M 26 58 31
14 M 27 33 6
15 F 27 35 8
16 F 27 37 10
17 M 27 40 13
18 M 27 46 19
19 M 27 50 23
20 M 27 59 32
21 M 27 59 32
22 M 27 59 32
23 M 27 67 40
24 F 28 37 9
25 M 28 42 14
26 M 28 51 23
27 M 28 52 24
28 M 28 79 51
29 M 29 40 11
30 M 30 40 10
31 M 31 33 2
32 F 31 35 4
33 F 31 37 6
34 F 31 38 7
35 F 31 38 7
36 F 31 71 40
37 F 32 35 3
38 F 32 36 4
39 M 32 39 7
40 M 32 79 47
41 F 33 36 3
42 F 33 50 17
43 F 34 36 2
44 M 34 41 7
45 M 34 54 20
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Number Sex E ntry  Age F i n a l  Age Span

46 F 34 83 49
47 F 35 50 15
48 M 35 79 44
49 M 36 49 13
50 M 36 52 16
51 M 36 77 41
52 F 36 83 47
53 M 41 51 10
54 M 41 77 36
55 M 46 77 31
56 M 73 77 4
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A B S T R A C T

A T R E A T IS E  ON TH E CONTINUUM  OF GROWTH 
IN THE AGING C R A N IO FA C IA L  SKELETO N

by
Rolf  G o r d o n  B e h  r e n t s

C h a i rm a n  : R o b e r t  E . M o y e rs

F ro m  t h e  r e c o r d s  o f  t h e  B o l t o n - B r u s h  S t u d i e s ,  w h ic h  com 

p r i s e  e x t e n s i v e  l o n g i t u d in a l  g r o w t h  d a ta  c o l l e c te d  in  t h e  1930 's  a n d  

1 9 4 0 's ,  som e 113 of t h e  o r ig i n a l  6000 p a r t i c i p a n t s  w e r e  r e c a l l e d  f o r  

n e w  d a ta  c o l le c t io n .  O n e  h u n d r e d  s i x t y  t h r e e  c a s e s  s p a n n i n g  a g e s  

17-83  y e a r s  (524  l a t e r a l  c e p h a l o g r a m s )  w e r e  t h e n  u t i l i z e d .

T h e  p u r p o s e  w as  to  d e te r m in e  t h e  n a t u r e  a n d  e x t e n t  o f  a n y  

a d u l t  c r a n io f a c ia l  a l t e r a t i o n s  w h ic h  o c c u r r e d .  C e p h a lo m e t r i c  e x a m in a 

t i o n s  r e v e a l e d  c o n t i n u i n g  g r o w t h  o f  t h e  c r a n io f a c ia l  co m p le x  t h r o u g h 

o u t  all a g e  l e v e l s , s im i la r  to  t y p i c a l  a d o le s c e n t  a l t e r a t i o n s  b u t  o f  

l e s s e r  m a g n i tu d e  a n d  r a t e s .  B o th  s iz e  a n d  s h a p e  c h a n g e s  w e re  

n o t e d .  C e r t a i n  f a c ia l  r e g i o n s  a l t e r e d  d i f f e r e n t i a l l y  w i th  a c o n s i d e r 

a b le  e x t e n t  of e n l a r g e m e n t .  L e s s e r  b u t  c o n s i s t e n t  c h a n g e s  w e re  

n o t e d  f o r  m a n y  o t h e r  a r e a s .

I n  y o u n g  a d u l t h o o d ,  d i r e c t i o n s  o f  g r o w th  w e r e  s p e c i f ic  to  

a n  i n d i v i d u a l ' s  g r o w t h  p a t t e r n  a n d  s e x .  I n  l a t e r  a d u l t h o o d ,  v e r t i 

c a l  d im e n s io n a l  c h a n g e s  a p p e a r e d  to  b e  a  common a l t e r a t i o n .  Some
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s o f t  t i s s u e  a l t e r a t i o n s  w e r e  d r a m a t i c ,  m o re  so t h a n  am ong  m o s t  

s k e l e t a l  a l t e r a t i o n s .  T h e s e  in v o lv e d  p r im a r i ly  e lo n g a t io n  o f  t h e  n o s e  

a n d  r e l a t i v e  f l a t t e n i n g  o f  t h e  l i p s .

D e f in i te  d i f f e r e n c e s  in  t h e  n a t u r e  a n d  e x t e n t  o f  some 

c h a n g e s  w e re  f o u n d  b e tw e e n  m ales  a n d  f e m a le s .  T y p i c a l ly ,  f e m a le s  

g r e w  l e s s ,  a n d  t h e i r  g r o w t h  w as  m o re  v e r t i c a l .  F o r w a r d  r o t a t i o n  of 

t h e  m a n d ib le  in  t h e  m ale a n d  a  c o n v e r s e  d i r e c t i o n  in  fem a les  w e r e  

c o m m o n . S e x u a l  d im o rp h ic  f e a t u r e s  w e r e  e s p e c i a l l y  p r o m i n e n t  in  t h e  

o r b i t a l  r e g i o n .  D a ta  s u g g e s t  t h a t  fem a les  u n d e r g o  a g e n e r a l i z e d  

g r o w t h  d e c e l e r a t i o n  in  t h e i r  t e e n s  b u t  w i th  r e - a c c e l e r a t i o n  in  t h e  

t w e n t i e s .

O r t h o d o n t i c a l ly  t r e a t e d  c a s e s  a n d  i n d iv i d u a l s  w i th  m u l t ip le  

to o th  lo ss  d e m o n s t r a t e d  c o n t i n u o u s  a d u l t  c h a n g e s ,  b u t  t h e  n a t u r e  

a n d  a m o u n t  w e r e  d i f f e r e n t .  T h e s e  i n v o lv e d  m id fa c ia l  a n d  m a n d i b u 

l a r  s iz e  a n d  p o s i t i o n .

R eca ll  s t u d i e s  a r e  c o n t i n u i n g  a s  t h e r e  a r e  m a n y  im p l ic a t io n s  

f o r  m e d ic in e  a n d  d e n t i s t r y  in v o lv e d  in  a c r a n io f a c ia l  co m p lex  t h a t  

u n d e r g o e s  k n o w n  a n d  p r e d i c t a b l e  a d u l t  c h a n g e s .


