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FRAGMENTATION AND SCARRING OF THE TARSAL AN D
 
'ME TATARSAL BONES : AN INDEX OF
 

DENTAL DEFORMITY
 

FRA N CIS 1\1. POTTE NGER, JR., M .D., F .A .C.P ., MmnWVIA, CALiF. 

IN MY previous paper," I described our experience with feeding experimental 
animals diets which produced defici encies in ske letal and organic develop 

ment. I demon strated that these animals returned deficient material t o the 
soil, which i.n turn produced deficient plants. I n these experiments, we were 
working with only a part of th e cycle which governs growth and development . 

Fi g. .l.-No. 42 72 (30) . S ku ll of f emale , aged 6 weeks. N ote mandibul ar protrusion and small 
middl e t hi rd of fa ce. 

The entire cycle consists of soil t o pl an t , to anim al, and to man; then baek 
t o the soil. Primitive man of optimum deve lopment maintained this cycle . 
Anthropologists ha ve pointed out that modern man has broken the cha in , in-

Read bef ore th e Second Ann ual Seminar for the Study and Practice or D ental Medicine, 
The Deser t Inn , Palm Sp ri ngs, Ca l if'orrr la, Oct. 0, 1 94 5. 

°The Effeet of H ea t- P r ocessed F OOM and Metabol ized Vi tamin D Milk on tho Dento faclal 
Str uctUt'es of Experimental A n imals , AM . J . O"THODONTICS AND ORAL SURG. (Ora l Sur:-. Sec t . ) 
82: 4 61, 1946. 
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terfering with the regular homogeneous development of his kind. Price! has 
made an extensive study of "modern primitives " who have quickly shown 
degenerative changes on the food of civilized man . Wrench" has studied the 
Hunzas with the sam e general conclusion. Mcflarrisou" has studied the diets 
of the men of India by feeding th e identical foods to the rat, the pigeon, and the 
monkey. His results corresponded closely with those which we experienced 
with our own cats and rats. 

Fig. 2.-No. 4272(4 6). Skull of f emale, a ge d 2 years. 5 m onths . N ote in creasing prom i
n en ce or mandibular protrusion with failu re Of base of s k ull and m iddle third of raee to move 
f orward. 

,Ve who are practicing medicine and you who are practicing dentistry are 
confronted daily with the problems brought about by modern methods of 
agriculture, food processing an d preparation, and by the deficient health of 
parents. If we are to bring intelligent help to our patients, we must employ 
all of the available information on growth and development th at is yielded 
by a study of the sciences dealing with the health of man. 
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In this paper, it is my purpose to show you that we have been able to learn 
a great deal about th e effect of malnutrition on the human being from x-ray 
studies. Just as we found that the shape of the skull of the newborn kitten 
was an index of its future health, so have we found that th e skull of the new
born babe is likewise an index to the future health of the child. 

Fi g-. 3.- No. 4272( 58 ) . Skull o f remat e. 5 y ea r s, 1 month or a ge. Mandible still promi
n ent. Sphen o id sinus es beginning to pn eumatl zc . Middle third o f fa ce still s mall. Fron tal 
sinuses not yet d evel op ed . D ental a JJgnmen t f a i r. 

Todd' called the skeleton the historian of the body. H e pointed out that 
the scoring on tbe head of the r adius and the long bones of the body repre
sented metabolic upsets. In our own patients, we have found that the allergic 
child shows marked bone damage in th e bones under stress at the time they 
are experiencing their most rapid growth. Fragmentation of the bones of the 
lower extremities occur s most eommonly in the child in the period of life from 
3 months up to approximately 6 years of age (Figs. 1 through 9). 
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F ig. 4.- N o, 4272 (32 ). F oot of female. aged 3 months. Ma rked a ng u la ti on and con
cavity of th e d is tal end of m et a ta rsat s 2, 3, 4. and 5. S ligh t cond ensation of t he in ternal 
trabecular struc ture of tho cu boid . 

F Ig. 5.- N o. 4272 (4 7) . Poot of fema le , a g ed 2 years, 6 months. Slight fragmentation of 
cunei fonn 1 a nd 3. Mild r oughness of na vic ular. Some roug hness and f ragmentation of 
ba ses of m eta tarsals of 2, 3, 4, a nd 6. No epi physeal head of metatarsal 6. Metatarsal 01 
shows epipbys eal bead Just appearing. Three Is fragmented. T wo Is po orly developed, Proxi
mal epiph ysis of metatarsal 1 is rough. 
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The past few years, orthodontists have sought to corr elat e the structures 
of the mouth 'wi th some other structures of the body and to determine skeletal 
maturation. They have commonly elected to use the hand for this corr elation. 
I propose to show you studies whi ch will demonstrate that an ideal structure 
for the orthodontist to study in this connect ion is the foot . 

FIg. G.-No.	 427 2 (59). F oot of female, aged 5 years, 1 month. Largely healed. Slight con
densation a t base of metatarsals. A IitUe roughness of cuneiform 1. 

We routinely take x-rays of the lateral and anteroposterior views of the 
skull as well as x-rays of the hand and foot of each p atient . In the child, we 
make a particular study of t he foot . The bones of the foot in the infant and 
growing child to 6 years of age are under th e stress of beginning to walk 
(Figs. 10 through 29). Tills corresponds with the time of the erupting and 
beginning of shedding of deciduous teeth. At this time the dental arches are 
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Fi g. 7.-No. 427 2 (3 1 ) . Hand of f em al e, a geu 3 mo n ths . W ell-develo ped h and : compare s ravor
a bly w ith T odd Stand a rd 1. S ligh t ro u ghness of cap tta te. 

" 

Fiti'. ll.-No, 4272(45) . Hand of female. aged 2 years, Ii mon ths. SUght condensation of trabec
ulae 1l:l tw.p l tate and hamate. Near Todd S tandard 8. excent luna.te not yet seen. 
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expanding to make room for the permanent dentition, while the buds of all 
the permanent teeth, with the exception of tIle third molars, are under way. 
At the same time the heads of the metatarsal bones are developing, epiphyses 
are taking shape, and the general contours of the cuboid bone are being de
veloped. The navicular bone is forming, an d the three cuneiform bones are 
being' laid down . It is also the period in which the bases of the metatarsals 
are smoothing out and are completing their articulation with the cuboid and 
cuneif orm bones and with each oth er. They are reaching an oval shape, while 
the general outline of the tarsal bones is almost completed . 

Fig. 9.-No. 4272(57). Hand or female, aged 5 y ears, 1 month. D evelopment slighUy
ahead or age. Slight in ternal conde nsa ti on of ca pita t e and h amate. Compares with Todd 
Standard 14: 5 years, 9 months. 

Though the foot is the easie st of all the structures of the lower extremities 
to study, the ankle, the knee, and the hip may show disturbances in growth 
equally well. Although a child may show fragmentation such as is shown in 
the accompanying illustrations, he may present no external evidence of this 
problem. However, he may have fiat feet or may limp slightly for a time. 
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Fig. 10 . F ig . H . 

F Ig. 1 0.-,No. 1164( 2) . Foot of male, aged 2 y ears. 4 m on th s. Marked f ragm en tation of the bases of th e 
metatar sals ot··Z, 3, 4, an d 0, a n d pr ox im a l epiph y s is or metatarsal of phal anx 1. Navicular de layed . Cun eif orm 
1 s lightly f r a gm ented. Fla t tenin g a nd irre gu la ri ty of the he ads , and (a llure t o develop of ep iphy ses of m e ta
tarsals Z, 3;' 4, and o. 

Fig. H.-No. 4164(1) . H and of male . 2 y ears , 1 month s. Coarse tra becu lation In al l carpa l and meta
carpal p hal angeal bon es . Between Todd Stan da r d 7 a nd Standard 8: 2 years. 3 months , and Z years, 9 m onths. 
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Evidence of such a period of dam age may occur in the" normally )' healthy 
child wh en he exp eriences an intercurrent infec ti on such as measl es or any 
of th e usu al illnesses of childhoo d. This child may heal the damage with no 
one the wiser unless x-ray pi ctures ar e made at the t ime. 

The first evidence of f ragme ntation of the bon es of the foot of the allergic 
child may be seen as early as the thir d month. It r eaches a maximum between 
the thir d and fourth year . This f ragmentation is early not iceable in th e 
epiphyses and heads of the metat ar sals, which may be delayed in app earance. 

, 
F ig . 12.-N o. 4. 16 4 (3). Foo t of male, a ged 2 vears, 10 m ont hs. N ote I ra gmen ta t ion of '\ 

bas es of m e tatarsals, In crea.s ed fragmenta tio n of pr oximal hea d s of meta ta rsa.l T. Eviden ce of 
di s t u r bance in mesial d istal h ead of m e ta ta r sal I; b eginni ng f ragmenta tio n a t h ea d of m eta
t a r sal I. F ailure of heads t o d evelop On m e tata r sals 3, 4. a n d 5. Cu neiform I fra gmented. 
Cuneifo r m 2 fragmented. Cu neifo rm 3 rough and f ra gm e nt ed . Some inter nal conden sa t ion. 

Fragment ation of the ba ses of t he metatarsals is oft en present, an d the navicu
lar, cuboid, and th ree cun eiform bones may be lai d down with man y frag
mented centers of ossification. These t end to h eal so that , by 6 y ears of age, 
only the scars r esulting from fra gmentat ion are present. Th ese scars consist 
of a thickening or int ern al condensation of the trabeculae in the tarsals and 
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the bases of the metatarsal bones. Later on, however, at about 10 to 12 years, 
as th e epiphysis at the base of the fifth metatarsal appears, a new evidence of 
fragmentation in th e foot may be seen (F ig. 38). 

During this entire period, with the exception of certain scarring in the 
carpal bones that is represented by thickening or condensation of the internal 
trabeculation, no app reciable evidence of bone damage is found in the hand. 
In spite of profound disturbances which may be seen in the tarsal and meta
tarsal bones, bone age delay in the hand does not necessarily follow . 

Fi g. 13.-No. 4161( 5). H and or mal e. a g ed 2 ye ars, 10 months. Essentia.lIy normal hand, 

In the three cases which I am presenting, the carpal development of the 
patients is very close to the standards of Todd. ' When one finds evidence 
of fragmentation in the tarsal and metatarsal bones, it is only necessary to 
look at the face and into the mouth to see that oth er growth damage is arso 
taking place. In some, it will be disturbance in growth of the middle third 
of the face alone. In oth ers, it may be primarily a disturbance in expansion, of 
the mandible. Some may have a combination of the two. Likewise, when 
evidences of severe metatarsal fragmentation are seen, one usually finds addi. 
tional evidence of deficiency in the form of poor osseous structure and coarse 
trabeculation of the jawbone. This same disturbance in the trabecular pattern 
is apparent in the osseous structure of the entire body as well- as in. the foot 
and the hand. If the orthodontist wishes to obtain x-ray evidence from other 

12 

Copyright © Price-Pottenger Nutrition Foundation. All rights reserved. 
 No part of this research may be reproduced or transmitted in any form or by any means, electronic or mechanical, including photocopying, recording, 

or by any information storage and retrieval system, without permission in writing from the publisher. Visit http://ppnf.org for more information.



F Ig. 14. F ig. 1 5. 

Flg-,.:i 1.- N o . 11 61 (7) . Foot of male, a ged 3 years, 4 m on th s . Note extensive f ragmentation of metatarsa l 
bases con ti nuing. wi th sIlght amount o ~ healing of me tatarsal 5. Co n t inu ed fragme ntat ion of 2. 3. and 4. Ap
peara n ce of metatarsal h eads s t ill delayed . P rox imal ep i phys is of meta tarsal 1 still f ragmented . Metatarsal head 
of 1 sh ows in cr eas ed co nden sat ion . fn ternal co nden sation no ted in cu bo id and third cuneiform . Fragmentation 
of cu nelforrns 1 a nd 2, a n d n a vicul ar, still prominent. 

~ 

F ig . 15.-No. 4164 (8) . Hand of male. 3 yea. rs , " months of age. Ca pitate a nd h arna te s t ill s h ow In t er nal 
condensation and co a rs e In te rna l trabeculation of th e bo nes . Otherwise es senti a lly n ormal. 
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Fig. 1 6. F ig . 17.
 
/'
 

FI'g. 16 .-No. 4164(11). F oot of m ale. aged 3 years, 1 0 months. Me ta tarsal 5 shows contin u ed h ea li ng 
of th e base. Healing j u st begun in metnta rsal 4. Base of metatarsals 2 and 3 still cl ea rl y fragmen ted. Meta 
t arsal h ea d of 2 beginning to dev el op. Me tatarsal 3 bl fid; 4 and 5 still de layed. Fre.nk os teochondrosis no ted 
at th e h ead of metatarsal 1. and prox imal ep iphysis s ti ll fragme nted. Navicula r a nd cu neiforms 1 an d 2 still 
fr a gmented. Cuneiform 3 la r gel y healed. 

FIg. 1 7.-N o. 41 64 (9) . Hand of male. aged 3 years. 10 months. Essentially no rm al. 
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Fig. 18. Fig. 19 . 

F ili". ,l8.-N o. n'64( 12) . Foo t of m a le. 4 yea rs, ·1 months of a l;"e. Metn.tarsal bases showing si gn s of 
h ealin g. ,Gr ea tes t f ra;gmen1ation n ot ed in 3. P roximal epiphysis of 1 largel y h ea led. Os teochondritis in the 
head of/ I co n tin u in g a c tive. Epiphys is of 2, developing fairly normarlv, Epip hysis Of 3 still b ifid. E pi ph 
y s Is or" 4 a ppea r ing f ragmented; epiphy si s of 5 not yet present. N a v icular a nd firs t cunetro rm s t ill trag
m en ted: second cuneiro rm and thlrd cu bo id sh ow In g si gn s of h ealing. 

ll':Ig. H.-No. 4164 (H). H ana of male, a ge d 4 yesrs, 4 mon ths. Progress essen ti a lly n ormal. 
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Fj g . 20. Fig. 21. 

Fig . 20;::.:....No. 4164 (17 ). F oot of male, aged 4 y ears, 10 m onth s. B ase s of { a n d 5 essen ti a lly h ealed. Note 
internal co nde nsa t io n in ba s es . Two a nd 3 s ti ll h ealing w ilh internal conde nsa t ion e vident. Proximal epiphysis or 
1 largely h ealed. Distal portion of 1 s ho ws os teochondri ti s s t ill p r esen t. E piphysi s of 2 f a irly well d ev eloped ; 3 s till 
bifid . Four ca rne in a s h em iep tph y s ts. F iv e n ot y e t pres ent. Second cu neiform a lmos t h ealed, N a vic ular and first 
eu neiro rrn heal ing. In ternal co n densa ti on in all di stal bones . 

Fig. 21.-No. 4H4 (15 ) . H and of m ale, 4 y ears, 10 months of a ge . Condensati on of capitate a n d hamate. T odd 
S ta n da rd 1 2 : 4 years , 9 mon ths . 
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Fig. 22. Fig. 23. 

F ig. 22.-1"'0. 416 ·1( 20) . Foot of male . 5 yea rs , 3 months of age. Bas es of a ll m e tata r s al s he a l in g. 
S howed co nsidera b le co ndens a t ion . Osteochon d r itis of fir st m e tatars al h eali ng. Ep ip h~'si s of second ess e n
t ially n orma l. Epiphysis o r t hird s l.ightly b ifid; h ead oC 4 st ill a h ern iepi c h v .sis : 5 jus t b eg in ning. Navicu lar 
a nd fir s t cun ei fo r m s ti ll rough. Second a nd thi rd cu ne iform a n d cu boid s h ow in t ernal condensation. 

F ig : 23.-No. 4164 (18). Hand o r m ale. a ged 5 year s, 3 months. Essentially norm al. T od d St a ndard , 
5 y ears; 3 m on th" . 
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F ig. 21 . Fig. 25. 

Fig. 24.-No . 416 ,1 ( 23) . Foot of m ale, a ged G y ears . Navicular and first cu ne iform s t ill sligbUy rough. Marked in
te rnal condenaa.t lo n in all anterior tarsal b on es . Mar ked internal co ndensa tion in bases of metatarsals. Head of metatarsal 
1 shows osteochondritis n early healed . E piphysi s on seco nd m etatarsal w ell develop ed . Th ir d s ti ll partially developed ; 
fourth less w ell d eveloped than third, and /lflh is fra gmented. 

FIg. 25.-No . 4164 (21 ) . H and of male, aged 6 years. Internal co nde nsation of capitate, hamate and triquetrum In 
eviden ce. E ss entially nor m a l dev elopment. 
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Fig . 26. Fig. 27. 

Fig. 2;6.-No. 4164 ( 26). Foot of m ale, a ge d G years , 11 m onths. B a s es of m etatarsals a nd tarsals es sen
tially th ~;8n.me as In Fig. 25 . Head of 1 sh ow s Improvem ent in os s ifica ti on. Two and 3 f airly well developed.
Four ts -r m pr ovln c and 5 is beginning to de velop . 

F ig . 27.-No. 4164 ( 24) . H and of m ale, aged 6 years . 11 months. Essen tially no rmal. 
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F Ig. 28. Fig. 29. 
/ 

Fig . 2·8.-No. 416 4 ( 2V ) . Fo ot of m a le. aged 7 y ears, 8 months. n ow essen tially norm a l excep t fo r 
internal con densation in th e cu neu orrn, cu boid, a nd navicular b on es , and the bases of the m etatarsals. 
Sligh t evide nce of healed osteochondritis in the fi rst m etatarsal head a n d flattenin g or the fifth m etatar
sal ep ip hys is. 

Fib. 29.-No. 4164 (27) . H a n d of m ale, aged 7 ye ars, 8 m onths. Compares favora bly with Todd 
S tandard for 7 y ears , 9 m onths. With the exce p t ion of internal co n densa ti on sh ow n in the capitate, ha
mate, triquetrum. and lunate, t he hand Is essen tiall y normal. 
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Fig. 30. Fig. 31. 

Fig . 30.-No. 4'209 (62 ) . F oot of fem al e . a ge d 4 y ears, 11 m ontbs , N ot ice inter n a l co ndensa tion in b a s e of metatarsals. . thIrd 
cu neifo rm, navicular. a nd cu bo id. Thi rd cune ifo r m is a pparen tl y no t q uite h ealed . 

F ig . 31.- No. 4209 ( 60) . H and of fe male . a g ed 4 y ears, 11 m on th s . Interior o f c a pitate. hamate . and triquetrum shows 
conden sation of trabecu la tio n s ugge s ting e vi de nce of old injury. B on e s tudy s ngges ta Tod d S ta n da rd 14: 5 y ears , 9 months. 
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F ig . 3 2. Fig. 33. 

F ig . 32.- No. 420 9(65) . Foot of f emal e, aged 5 y e ars, 9 months . Same scars n oted as in F Ig. 30. 
PIg. n .- N o. 4209 (63 ) . H a nd of f emale, a ge d 5 years, 9 month s. Same bon es s how co n de n sa ti on as in Fig. 31. 

Coar se trabecul ation . Todd S tanda rd 16 : 6 years , 9 m on th s . 
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FIg. 34. Fig- . 35 . 

F ig-. H .- No. A"209 ( 68 ) . F oot of female. aged 6 y ears, 10 months. Sa me as Fi g. 32, except [ or growth . 
FIg. 35.-No:/4209(66 ). Hand of female. aged 6 y ear s. 10 months. Sa.me scars noted as in Fig. 33. Tod d St!U1d

ard 18 ; 7 years, 9 months . 
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F ig . 36 . F ig. 37. 

Fig . 36 .- N o . 4209 ( 71 ) . Foot of fe male, a ged 7 y ears , 8 m onths. Fur ther in c r ea se in s ize . P a tt ern Coa r se . 
F ig. 37.-No. 4209 ( 69) . H a nd Of f em al e. a ge d 7 y ears, 8 m onths. Sa me. V er y coa rse t rabecu lation . Todd Stan da rd 20 : 

8 y ear s. 9 mon t hs . 
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, F ig . 38. F ig. 39. 

F ig. 3B.-No. 4209,( '74 ). Foot of fem a le, a.ged 10 y ears, 2 m onths. E Vidence of fragmen tat ion in ep iph ysis of the tu be ro sit y of th e 
fifth m etatarsa l. .All othe r s ea r s carried on . 

F lg. 39.-No. 4209 ( 72 ). Hand of fe m a le . aged 10 y ea r s , 2 months. EV iden ce of Internal condensation in m eta carpal ba ses a nd a ll 
carpal b ones. T odd Standard 25 : 11 y ea rs . 3 m onths . 
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Fig. 40 . Fig. 4l. 

Fig. 40 .-No. 42 09 (61) . Sk u ll of f emale, aged 4 years, 11 months. Failure In forward movement of m iddle thi rd of t h e [ace a nd bas e or 
akull, giving a n apparen t mandibula r protrusion. 

Fig. 41.-No. 4209 (64) . Skull of rem a le. nged 5 y ears, 9 months. Middl e thi rd and ba s e Of sku ll showing forward movement. 
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Fig. 42. Fib'" 13 . 

F ib'_ 42.-N o. 4209 (G";). Skul l of f ema le, n.ged 6 yea.rs , 1 0 months . Further progress. 
Fig. .f3.-N o. 4209(70) . Skull of f emale, aged 7 y ea r s, 8 men tha. Malar p r ominence moving forward. Gla be ll a r p romin ence begin 

n tng to develop. 
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portions of the body to correlate with his studies of the jaw, he should examine 
a bone or group of bones that is under stress at the tim e the dental structures 
are developing. 

The scars that are laid down in these bones during periods of fragmenta
tion are apparently carried on into adult life. W e have been able to follow 

Fig. H .- No . 42 0H 73 ) . Skull of femal e. a ged 10 yea rs . 2 months. No t ice chang in g 
ang-l e of upper teeth. Good a lignmen t of teeth. Good f orward p rojection oC race and ba se or 
brain case. Se r ies shows in cr ease in growth of middle portion of f a ce in r esp ect to mandible. 

evid ences of this scarring as long as seven years after the process has larg ely 
healed (Figs. 30 through 46). In this one instance, we are showing you the 
process five yea rs after th e healing has tal , en pl ace, ""Ve have not been study
ing th e patients long enou gh to carry any sin gle individual from infancy to 
adult life, so as to be able to say conelusively that a particular scar on a par
ticular bone is evid ence of a specific fragmentation that occurr ed in infancy. 
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Fig. 45.-No. 4209. L ateral vi ews of patient a t 4 years, 11 m onth s of a ge, a nd 10 y ears, 2
 
m on th s of a ge, showi n g- Changes in f acial configuration a n d ti ssue s tab lll ty.
 

Fi g. 4G.-No. 4209 . F r on tal v iew of patient a t 4 y ears, 11 mon ths of a ge, and 10 y ear s, 2
 
months of a ge.
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Fig. H .-No. 44 91. S k ull of female agft'O 32 ye a rs, b efore imp r ovemen t in d ietary (l eft ), a nd th ree years later ( r ig h t) , a f t er giving birth t o two chll
_,d r en. Note changes In s kull con figuration and laying do wn of scar bone. 
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We have observed, however, that those of our adult patients who show dental 
and facial failures commonly acknowledged to be developmental in nature 
exhibit scars in their bones which are similar to those we have followed in 
our children. 

When one states that these processes leave their scars even into adult life, 
he is apt to give the impression that he feels the individual is foredoomed to 
developmental failures that will follow him throughout his life. It is my 
impression at this time that it is impossible to remove the scars themselves. 
It is impossible to change the developmental patterns of bones laid down. 
However, if the proper forces of growth and development are applied in suffi
cient amount, material change in trend of growth ean be obtained. 

In the accompanying x-rays and photographs (Figs. 30 through 46) I am 
showing you a child who, at the age of 5 years, had a disfiguring mandibular 
protrusion. No orthodontic treatment was administered to this child, but the 
results obtained can be seen in photographs of her at the age of 10 years, 
She had been placed upon a vital diet rich in growth and developmental fac
tors. She was encouraged to usc her facial structures, by chewing tough 
objects, and by making faces. At the age of 4 years and 10 months, she had 
a profound mandibular protrusion ; at the age of 10 years and 2 months, this 
had largely been corrected by the development of the middle third of the face. 

I have selected this as representative of a group of children in which I have 
seen improvement in faeial development due solely to improvement in intake of 
growth-promoting factors . 

It is possible for the adult to rebuild calcium in his bones by consuming 
adequate quantities of growth-promoting factors. Relative efficiency of all 
the organs of the body can also be increased noticeably. 

It seems that the new bone laid down in this process is not the original 
bone that was present before the damage occurred, but is a scar bone, as is 
shown clearly by x-ray (Fig. 47). 

Regarding the development of the orbital and maxillary arches, we find 
the same factors at work in the human being as we found experimentally in the 
cat. III our allergic children we have found a narrowing of the transverse 
diameter between the malar prominences, a narrowing of the transverse di
ameter between the lateral orbital prominences, failure in the forward move
ment of the malar prominence; all of these, or a combination of any may occur 
in an individual. " \ 

Muscle tone is largely controlled by factors similar to those that control 
growth and development. The density and strength of bone is determined 
by its calcium content and the muscle pulls that are exerted on it. These, in 
tum, are controlled by the factors of growth and maturity. It is not just 
the chewing 011 rawhide that develops the face of the Eskimo and it is not 
just the consumption of large quantities of raw fish, blubber, and entrails 
that produces his well-developed features, hut it is the combination of them 
all, plus a firm inherita.nee that has not been interfered with in the ancestry 
of these individuals. 
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Every structure of the body, including the generative organs, is inv olved 
in the devel opmental process. However, fr om the standpoint of the dentist, 
if he is to correlate the findi ng's in the jaw with oth er osseous structures, he 
will find a parallel in the x-ray of the foot , which is an organ under stress 
during the critical period of growth and development of the dental structures 
of the child . 
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