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There is a great deal of difference

between the eager man who wants to

read a book and. the tÌred man who

wants a book to read.

c. K. Chesterton LB74'I936
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ABSTRACT

The fundamental biological principles that operate

during the development of bone and muscle have provided the

substance for continuing controversYr in many fields, under

the "form and function" title. Natural anomalies and

experimentally produced aberrations (due to altered functional

states) have demonstrated the existence of a relationship

between the shape of the hard tissue record and the activities

of the enveloping soft tissue elements. It is to be expected

that knowledge of the "natural" occurrences will be provided

by study of the unusual.

The gross alterations that might be expected after

unilateral masseterectomy or molar extraction in the rat

have been documented; and suggestions made as to how these

findings came to be. The basis for popular opinions, regarding

mechanisms and cause and effect relationships, is largely

predicated on theoretical assumptions of the effects of

variables such as pressure and tension, nutrition (blood

supply) , internal architecture and age. More sophisticated

experiments are continuing to corroborate or refute these

hypotheses concerning bone growth rate, quality, growth

direction and configuration. The present study was u^á"t-

taken to quantify bone growth rate and bone configuration

alterations subsequent to functional alteration at a

microscopic l-eve1. Specific anatomical locations were

assessed after two types of functional disturbance had been
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produced: unilateral masseter muscle extirpation and uni-

Iateral maxillary molar extraction.

The subjects were male Long Evans strain rats

which were studied longitudinally over a 74 day experimental

period. Three experimental groups comprising 30 animals

and consisting of an extraction groupr a masseterectomy

group, and a sham muscle operation group were examined

and their bone growth measurements for selected sites

(cranium and mandible) were compared with those of a matched

control group. A standardized technique involving a Sequence

of five vital stain injections, which produced fluorescent

bone markings, was used to microscopically assess bone

growth increments. A total of 30 sites in six cross sections

of the mandible, and. 58 sites in seven coronal sections of

the cranium were investigated.

statistical evaluation of growth differences

between seven sub-groupings was achieved using the Duncan

multiple range test for each gro\^/th interval studied. The

usual statistics for mean differences had been compiled.

Graphical representation of growth rate curves allowed

visualization of important alterations.

Numerous si.gnificant findingsr often at odds with

widely accepted postulates, were derived from the mass of

quantified data. Some of the deductions that \,vere suggested

as a consequence of this study follow:

I. Each type of functional alteration v/as associated with

a characteristic bone growth curve configuration that was
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typical for the m;rjority of growth sites. A generalized

control mechanism that is linked with experimental age

might be proposed.

2. The development of asymmetry was due to translatíon of

bones rather than differential growth, and was mediated by

sutural adjustments. There was a tendency to re-establish

or maintain symmetry with remodelling activity.

3. Masseter removal produced an incrg3s? in bone apposition

at the operated muscle attachments (masseteric ridge) and

a change in growth direction to yield a gradual obl-j-teration

of the attachment prominence. The concepts of a "release

response" and. efficiency in the mode of shape alteration are

supported. The validity of the conventional tension hypothesis

is questioned.

4 " Sites of muscle attachment for unaltered muscles

(temporalis and digastric) did not display a growth stimul-ation

due to a possible greater functional demand.

5. Tooth extraction resulted in localized growth reduction

but increased apposition in the neighbourS-ng alveolar process,

presumably to re-establish structural strength.

6. The dentine apposition curves displayed. an individual

pattern markedly different from bone apposition curves.

7 " A retardation of maturation occurred as a result of

functional intervention. Trabecular patterns failed to

mature in the operated masseterectomy hemimandibles. The

growth dominance reversal of the ectocranial and endocranial
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surfaces was retarded as was that of pre- and postantegonial

notch Sites. An immature degree of l-ower incisor curvature

was retained in some experimental groups. Such maturational

lapses were more pronounced on the operated side.

8. The rat mandible develops differently from the human

mandible because of the influence of the continually erupting

incisor. Both anterior and posterior directions of area

relocation processes were revealed.

g. Variables other than the physical absence of the muscle

play an important role in establishing resultant aberrations.

Circulatory alterations typify such variables.

10. A longitudinal design utilizing sequential vital

staining and fluorescent microscopy is an effective method

of assessing the amount and direction of bone growth. Such

information is a prerequisite for formulating hypotheses

regarding alteration mechanisms.
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INTRODUCTION

The students of bone growth- are numbered

throughout many disciplines - anthropology, archeology,

anatomy, paleontology, orth-opedics and orthodontics to

nafire a few. Their common interest in the development of

skeletal structures stems from the fact th-at the bones

and teeth provide a permanent record of the growth events

that determined their ultimate morphology and consistency'

To comprehend the importance of these final manifestations

a knowled.ge of the mechanisms of bone growth and bone

growth alterations is required. Knov¡ledge of these processes

is sti1l timited to superficial generalizations. The

sophisticated d.etails of the regulatory mechanisms are

not yet defined.

Experimental alteration of normal function provid'es

a means of elucidating the normal by studying the abnormal'

There have been too few such investigations in recent years

which coul-d now use the improved techniques available for a

refined assessment of growth occurrences ' Let us not

hastily dismiss surgical intervention procedures as being

"mutilation" and "unphysiolog'ic". No experiments of any

sort, other than those produced by the whims of Nature can

claim to be physiological. Indeed the designatlon of

techniques involving altered nervous conductùon or chemical
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agents as "more physiological" is a moot point. More

relevant is cognizance of the factors which may be

contributing to the development of the observed results.

The orthodontist's interest in craniofacial

growth and development arises from a desire to manipulate

the variables affecting bone morphology to achieve a

desired result. The determination of the role that

functional stresses play in development of skeletal

characteristics would provide the basis for diagnosis of

functional problems and determination of associated

therapy.

An experimental design involving the longitudinal

study of rats subjected to two forms of funcLional alteration:

unilateral masseterectomY, and unilateral maxillary molar

extractionsi was proposed to achieve a number of objectives:

(f) Description of the morphological alterations (in the

coronal plane) resulting from a change in function,

by means of the parameters of bone growth rate and

direction.
(2) Assessment of the relative contribution of transformation

and translation in achieving the altered growth pattern.

(3) Examination of the validity of gross skeletal findings

in the light of bone growth at specific sites determined

by the more sophisticated microscopic method.

(4) Development of general hypotheses regarding the

mechanisms of bone growth alterations.
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LITERATURE REVTEW

The role of functional stress in the growth and

development of osseous structures has been a topic of conti-

nuous research for over a century. The initial impetus for

examination of experimental models of altered function was

generated during the second half of the nineteenth century.

The philosophícal thoughts of that day were concerned with

questj-ons related to the origin of man, his evolution, and

the influence of genetics and environment in his ontogenetic

and phylogeneti-c development. The work of Darwin concerning

evolution, and the rediscovery of Mendelts "Laws of Heredity"

played a role in firing the curiosity of the scientists of

that, era.

Investigators representing many varied disciplines

focused attention on a common point of interest. How did

organisms grow and develop; and what v¡ere the mechanisms

which regulated these processes and achieved the infinite

variations that could be observed? The same problem is

sti1l under investigation today. The attack on these

problems \^Ias mounted on a wide scale limited only by the

research techniques and equipment then available and the

imagination of the investigator. one field of endeavor

that looked particularly promising was the study of bone

and teeth since these calcified tissues are the only tissues
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leaving a semi-permanent record of their development. A

most useful tool for the delineation of such a record was

rediscovered by BelchÌer { l-736) who noted the red stainÌng

of bone that resulted from the feeding of madder. Duhamel

(;-742) then applied this finding and recorded the appositional

growth in thickness of long bones and proposed the theory of

interstitial growth which has sÌnce been shown to be erroneous.

Vital staining techniques using multiple bone markings became

a common investigative method. Considerations of the effects

of various staining agents on normal growth and the mechanisms

of stain bind.ing have been reviewed elsewhere (Clea]l, L964¡

Jacobson , l-969). The technique of vital staining has been

refined to the multiple marking method used in the present

study to determine the direction as well as amount of bone

growth. Information regarding the pattern of resorption can

also be derived.

The radiographic examination of bone trabeculae

(internal structure) under various conditions of stress

resulted in wolff 's Law of Bone Transformation (l-B92) which

was given a mathematical model by Koch (1917). The observation

that functional demands in some way affected the morphology

of bone was first investigated as early as 1857 by Fick

using the technique of experimental intervention. He was

not afone in this pursuit as numerous other investigators

in other countries adopted a sirnilar approackr- (A,nthony, 1903,
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1909; Gudden, LB77¡ Bidder, IB73¡ Neubauer, L925).

The basis for experimental intervention studies was

the idea that came from medical teaching. To understand

the normal, it is often easiest to study "abnormal" situations.

These may be experiments of nature due to her tendency for

variation or man-induced abnormalities. Many different types

of intervention have been utilized in studying craniofacial

alterations. Nerve resection, alterations in hormonal

balance, ostectomy of various parts, tooth extraction,

muscle and suture extirpation, muscle sectioning, and the

application of mechanical devices to change stress patterns

are a few examples.

Normal Growth. The macaca rhesus monkey and various

strains of the Norwegian rat are experimental animals

commonly used in growth studies of the craniofacial region.

The rat is particularly suitable since it is easily handled,

relatively inexpensive to keep, and the cranium is of a size

suitable for hard tissue sectioning and microscopic analysis.

The normal growth patterns of the skuIl and mandible were

found to have coÍrmon features among: species of mammals.

Hunter (L77I) is often quoted as having made the

most significant early contribution to the understanding of

mandibular growth. He used madder fed pigs to discover that
(1) the mandible increases in length by apposition at the

posterior border of the ramus, (2) remodelling occurs by
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resorptionoftheanteriorborderoftheramus,(3)tne

condylar and coronoid processes increase in size above the

line of the teeth, and (4) the shedding of teeth is always

accompanied by resorption of alveolar bone whereas eruption

of teeth is accompanied by growth of alveolar bone. These

findings are still generally accepted today'

The pig was also studied by Brash (L924) in his

investigation of cranial vault growth. His observations of

the surface phenomena resulting from vital staining on a

longitudinal basis led him to believe a simple mechanism of

ectocranial deposition and internal resorption. staining

in the sutural areas was said tO be the result of secondary

reformation to maintain the relative position of the suture

duringincreaseincranialsize,andnotofseparating
growth. Brash regard.ed the growth of the cranial base as

analogous to that of long bones '

DuringthegradualprogressionfromthesubjecÈive

evaluation of stain intensity observed from the surface of

the gross specimen to measurement of specific growth sites

in sectioned material, there has been considerable disparity

in the findings reported by various investigators. As

knowledge in the field of vital staining was amassed, it

\¡¡as discovered that many of these apparent disparities were

reconcilabl-e on the basis of a lack of understanding of

the vital staining mechanism.
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The variables of animal age (rate of growth), dosage

and concentration of stain, timing of the injection sequence'

superimposition of equally stained surfaces (in sutures),

growth direction, and the masking effect of new bone over

old are all important considerations in the determination

of the final subjecl:ive impression.

Minutes after the intraperitoneal injection of a

vital stain (Cleal1, L964) all bone surfaces and other

collagen structures demonstrate the stain color. As the

agent is cleared from the circulation, the weakly bonded.

stain can be removed from areas undergoing resorption or no

bone growth. In areas undergoing apposition, however, the

stain line is incorporated into the newly formed bone by

succeeding layers. The gross appearance of an area of

growing bone is dependent upon the interval between stai-n

injection and examination as well as the rate of growth and

previously indicated factors. Bone deposited after the

stain has cleared the circulation is unstained (white) and

serves to gradually decrease the intensity of stain color

noted on surface appraisal. The reverse process would occur

should resorption now begin in the area. The dosage.and

time related factors also serve to modify the stain intensity

and location and the end result is a misinterpretation of the

meaning of the surface stain pattern.

The indirect method of vital staining (madder feeding)

used by the early investigators, is a form of continuous



8.

vital staining and requìres separate Lnterprettve under-

standing. The length of th-e feedi.ng perlod and the interval

between the end of madder feeding (ìf any exists) and

sacrifice of the animal are Ìmportant considerations. The

quality of the stain might also differ from that produced

by the estabtished doses now in use.

These considerations may explain why Massler and

Schourrs (1951) study of cranial bone staining did not

support Brash's conclusions.

Massler and Schour utiLized a single injection of

artzarine red s into animals of different ages (cross sectional

technique) and noted a staining difference with age.

l. A period of generalized bony growth from birth
to about 60 days of agê, which was characterized by the
active deposition of bone upon all bony surfaces. The
rate of growth at different sites did vary, however.
This period is characterized by very rapid increase in
size of the cranj-al vault with only minor changes in
proportions. The latter are due to differences in the
rate of growth at the different sites.

2. A period of localized growth after 70 days of
age charaèterized by the fact that bone deposition
occurs only at certain sites. These sites were, in
general, tñe same that showed the most rapid rate of
growth during the previous period. Since growth is
confined to localiZed areas, the predominant characteris-
tic of this period. is a marked change in the proportions
of the craniãl vault with only a relatively slight
increase in size.

Additional conclusions credited the sutures as being the

most important growth- sites with the increase in length

being greater than that in breadth. Sutural serrations were



9.

seen as a gross manifestaLion of trabecular growth due to

fiber tension. Deposition of bone was noted on endo- as

well as ectocranial surfaces to allOw an increase in

thickness of the cranial vault bone. Tncreases in width

were noted to be completed by the 20th day.

In consideration of the size of the structures being

measured, the use of calipers reading in 10ths of a milli-

meter seems relatively crude. The ability to accurately

ascertain the original sutural edge by later observation of

stain intensity reflected through newly deposited bone is

questioned. A tendency for inflation of recorded amounts

of growth is a possible result Q.5 mm. of total width

increase in 10 days?). This type of study lends itself

more properly to the longitudinal rather than cross-sectional

design and the use of the direct method of sequential vital

staining assessed by microscopic measurement after sectioning

of the specimen

Moore(Lglg)partiallyfoflowedsuchadesigninhis

study of only a single monkey that had been injected with

alizarin red S on two occasions. He used the technique

of surface cutting and photography to overcome the technical

difficulties of serially sectioning an object as large as a

monkey skulI. He verified the importance of sutural- growth

and the presence of dye on all skull surfaces as well aS on the
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internal structure of the cranial base.

To further clarify the proportional changes observed

as the short nosed, round headedrr:ew born rat undergioes

flattening and elongation of the head, and a marked growth

of the snout, Baer (1954) assessed the influence of differen-

tial size increase of indÌvidual bones on the form of the

skul1. He disagreed with Weinmann and Sicher's (L947)

statement that the cranìal vault bones flatten out during

growth as a result of apposition on the endocranial surface

in the central areas of the bones and resorption of the

endocranial surface near the sutural margins. Baerrs inter-

pretation of the surface stain phenomena, "The surfaces of

the vault show the greatest concentration of stain near the

sutural margins and less intense staining in the central

arear" is subject to previously noted criticisms" Absolute

growth curves supported Massler and Schourrs observations

of very rapid growth in the younger animals (before the age

of twenty days). As a result of the differential growth of

the individuaf bones, the cranial form was found to be

modified concurrently with changes in proportion. Baer

sLated the j-mportance of sutural growth but also found

appositional growth of the vault bones evident. unequal

growth of adjoining bones at a sutural site, a conìmon tension

line, suggested that intracranial pressure was not the only

factor controlling sutural gro\^Itfl.
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Th-e changes in cranlal form,by translation of bones

relative to each oth-er,were examined by Baer. A hypothesiS

of spatial reorÌentatÌon to yÌeld cranlal vault flattenÌng

("hinging" at tl.e sutures) was Proposed.

It is likely that a combÌnatìon of the factors

supported by various investigators represents the true

occurrence in cranial vault growth. The differences between

authors are therefore not absolute but a matter of emphasis "

Moss (1954,Lg60\ has popularized a concept of

"functional matrices" which explains cranial vault growth

by distinguishing between transformation and translation

changes mediated by soft tissue components. He stated that

sutures do not provide a primary separatory force, âS do

epiphyses, but are secondary adjustment sites only.

Such a viewpoint was supported by ;lcott ( 1954) tlo

hypothes ízeð. that the growth centers lie in the chondro-

cranium. The impetus for translation of bones is provided

by cartilaginous growth whil-e the sutures respond passively

and are not growth centers.

The place of the mandibular condyle in the hierarchy

of "growth centers" was investigated by Koski and Ronning

(1969) who attempted to demonstrate independent growth of

the mandibular condyle in tissue culture. Their findings

suggested that the condyle was not a primary growth center

analogous to an epiphysisrbut that the condyle dùd show more
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independent activÌty than a fibrous suture.

A normal occurrence of consequence to rnuscle

resection studies was discussed by Hoyte and Enlow ( 1966) .

During the growth of a bone, outer (periosteal)
surfaces in many areas undergo normal remodeling
processes involving resorptive removal. Attachments
õf muscles commonly occur on such outer resorptive
surfaces. The cortex in these regions grows in an
inward direction by bone deposition on endosteal
surfaces. In some areas of a bone, a portion of a
muscle can be inserted onto a depository surface,
but other parts of the same muscle may be attached
onto an adJacent resorptive surface. It has been
generally assumed that the pul1 of a muscle acts
Éo directly stimulate deposition of new bone, and
that attachments of muscle are thereb_r¡ responsible
for determining the gross morphology of a whole
bone. In view of the foregoing considerations, a
re-evaluation and an expansion of this concept is
now needed. I{uscle pull, in many regions of a bone,
can be associated with normal cortical recession
(involving surface resorption) as well as with
outward bone dePosition.

The circulatory system carries the necessary building

blocks for bone growth. It has been demonstrated by Sunden

(Lg67) thrat skeletal blood flow is inhibited by muscular

contraction. The purely mechanical interference with the

extraosseous vascular bed seems to be of importance to the

intraosseous f1ow. It was also possible to observe an

increase of intraosseous f10w that coincided \,vith an

accelerated growth after longitudinal growth stimulation

by peripheral nerve sectÌoning. A certain time lag between

the curves of flow and growth suggests that the increased

flow is the primary factor.
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lluelke and Castellì (1965) studied the blood supply

of the rat mandible. Theìr fÌndings indicated that the

coronoid, condylar and angular processes of the mandible

are supplied by vessels which are primarily concerned with

the nutrition of the muscles that attach to these areas

and not from the inferior alveolar artery. Sunden's work

becomes more important once this relationship of bone,

blood and muscle is recognized.
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Ir4uscle Surgery. The inverted pyramid, buìlding block

style of developm.ent of scientific concepts was well ì1lus-

trated by the successive investigations concerning the

surgical alteration of muscle function. Each study

appraised the evidence current at the time before adding

more blocks of evidence or a new viewpoint as the hypotheses

surrounding form and function phencmena were defined.

Although earlier experimental alteratÍons of func-

tional influence had been reported (such as sectioning of

the temporalis in dogs by Anthony (1903) and Anthony and

Pietkiewicz (1909) ) ' the first significant report was

presented by Pratt (1943). His experimental procedure

involved the unilateral blunt Cissection of the masseter

muscle except for the portions arising from the medial

portion of the zygomatic arch and the infraorbital for¿rnen.

Differences in observed deform.ities were línked with the

am.ount of m.asseter m.uscle removeC. Ligation of the

externaf jugular vein and interruption of the zygorna.tic

arch in scme specimens were also carried out. No deficiency

attributable to injury or sectioning of tÌ.e facial nerve

was observed

of the four rats whose d.eformities were reported,

two died prematurely. ThÌs wou.ld suggest that the effects

of the Sttrgical interventìon may Lr-ave been studied Ín

extreme situations. Pratt was impressed with the ability
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of the animals to obtain normal nourishment. The devìatl.on

of the mandible to the operated slde with the resultant

rnalocclusion of incisors was ascribed. to unopPosed pull

of the left masseter. Cornparison of left and right hemi-

mandibles revealed that the operated side was shorter in

the long axis but increased in vertical height. The latter

measurement wa.s taken from the occlusal surfaces of the

molar teeth and was probably due to differences in ¡nolar

eruption due to the mofar malocclusion. The vertical

depth of the neck of the condyle was reduced almost 19 per

cent on the operated side. The distance between angular

and coronoid processess was also reduced by nearly 9 per

cent. No normal anirnals were used as a control to deter-

mine if Lhe uncperated sÌde had been altered.

The masseteric ridge was greatly reduced on the'

operated side a.nd damage to the periosteum at the time of

operation was thought to be the cause of an uneven surface.

It was found that the angle of the m'andibular

syrnphysis had deviated to the operated side. The rostrum

of the skull had deviated to the unoperated side" An

asyrnmetrical attrition of the molar teeth was reported.

The interruption of the zygomatic arch and the

very early age (f day old) of surgical interference were

narnecl aS factors responsible for the extreme distortions.
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The effect of removal of the zygonratic arch was

studied further by Washburn (1946). Of the 6 rats which

survived after 5 months, 3 showed s1i9ht deviations toward

the nornal side. The si-de from which the arch hacl been

removed apparently grew more rapidly and it was suggested that

the noted i.eviations were due to a "release" mechanism.

The other 3 rats shou'ed no asymmetries. A deviation was

present only when nearly the whole arch hacl been removed'

A second experiment in which- only I to 2 millimeters of

zygom.atic arch were removed yielded no asyrnrnetries. The

photographs displayed in washburn's article dernonstrate

the susceptibility to optìcal illusion, Cue to the dorsal

curvature of the rostal area, of subjective assessment

of asymrnetry. such subjectÌvÌty may play a role in the

disparity of different workerrs repcrts concerning

asyrnmetries .

The surgical procedure involved in remcval of.

all or part of the zygomatic arch also affects other

structures. Eisenberg and Brod.ie (1965) investigated

the antagonism of temporal fascia to masseteric contracLion"

In their abstract they stated:

Frontal sections through the right and left arches
revealed striking differences between them. The
operated side meásured approximately 25eo less medio-
lãtera1ly and L6eo greater superoinferiorly lhan the
unoperatãA sÌde. Oriented frontal a.nd ba.sal head
x-rãys at 5 ft target distance revealed the oPerated
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side to be 4 mm lower and 2 m¡n cl0ser to the midline.
The lead lines showed the extensive internal as well
as external remodeling that had taken place. Deposition
and resorption areas indicated the drifting of marrow
spaces and of the zygomaticotemporal suture in the
direction of the unoPposed puIl of the m. masseter.

They also cited Krugerrs (1948) observation t'hat the

zygcmatic arch when fractured was rarely puIled down by the

masseter. Brodie advanced the possibility of the temporal

fascia ai.ding the relatively weak zygomatic arch to resist

muscle pu1l and gave examples of nla¡nm.als which presented

incomplete zygomatic arches in spite of well developed

rnasseter muscles

The removal of a portÌon of zygomatic arch would

also alter the fascial attachments. The possibility of

reattachm.ent to soft tissue or a bricging of the gap in

the zygomatic arch exists. Eisenberg and Brodie cited

Holnters (1912) description of a patient with congenital

absence of the anterior part of both the arch and temporal

muscle, yet there wa.s no depression. The tempora.l and

masseteric fascia were both attached to a narrow tendinous

band which bridged the gap in the arch. This might explain

the observations neported by Wa.shburn (1946) .

Other extrinsic factors also play a role in Ceter-

mining the outcom.e of surgical interr¡entions. The l'-r'lpor-

tance of disturbances to the circula.tLon of the mandible

due to removal of t-he ntajor hlood. supply vla the masseter
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muscle has been mentioned previously. Felts (1957)

regarded bone growth as tl¡.e result of intrinsic factors

whose expression was made possible by the presence of
extrinsic factors provided by the muscle such as vasculari-
zation

Washburn (I946) investigated the effect of facial
paralysis on the growth of the sku1l of rat and rabbit.
He concluded that asymmetries due to atrophy \^/ere toward

the paralyzed side while those due to muscle imbalance

were toward the unoperated side. In the rat, there was

little atrophy of the cheek so maxillary and. nasal bones

deviated to the unoperated side. In the rabbit, atrophy

was pronounced causing the rostral portion to bend to the

operated side. More posteriorly some deviation to the

normal side was also present. Washburn thereby attempted

to explain the differences in the reports of asymmetry

proferred by various investigators studying different
species and age ranges.

The importance of age differences, when results of

different investigations are compared, v¡as demonstrated by

Schumacher and Dokladal C1968). " A comparative study was

made of the dêlayed effect of resection ùn newborn rats,
4-5 month-old rabbits and 3-4 month-old sheep. The rats,

which v¡ere sacrificed 6 months after operation, showed

cranial asymmetries after unìlateral resection of the
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masseLer and temporal muscles and brachycephaly after

bilateral resection. The rabbÌts and sheep, which were

sacrificed 9 months and 17 months after resection,

respectively, showed only secondary changes in the maxillo-

mandibular apparatus and in none of the arimals was there

any sign of brachycephaly. These differences are attributed

Èo the varying degrees of maturity of the animals at the

time of resection. "

Rogers (1958) examined the influence of asymmetry

of the muscles of mastication upon the bones of the face

using human skulls. Comparisons of the area of muscle

attachments and atrophic skeletal changes revealed a

correlation of a unilateral reduction in the temporal

Iines and a coronoid process with unilateral atrophy of

the temporalis muscle. This association was also demon-

strated for the internal pterygoid and masseter muscles.

Changes in the shape of bones were attributed to bone

resorption rather than a "bending" mechanism since there

v¡as no change in the pattern of the remaining trabecular

bone

There is also the possibility of differential

growth rates acting as the mechanism for achieving shape

alterations. The age of the subject would be an inportant

fact,or in determining whetÏ¡.er growth rate afteration or

resorption mechanisms might be ut'ilÌzed.
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Numerous investigators [Avls r 1959; Boyd , J-967 ¡

Horowitz and Shapiro, 1951) have studied the "diminuation"

of the coronoid process that results from resection of the

temporalis muscle. The absence of alterations to the rest

of thre mandible supports the concept describing the mandible as

a composite of relatively independent parts (Washburn, 1951;

Symons I L954) , (1) a coronoid region related to the

temporalis muscle, (2\ a gonial region related to the

masseter and internal pterygoid muscles, and (3) the

central area of the mandible which is unrelated to muscle

stress.

Condylectomy has also been a popular procedure

(Castelli et al., I97I; Moss , L960). Cullen (1955) excised

the anterior bellies of the digastric muscles and concluded

that noticable differences in contours of control and

experimental rats were evident. Simpson (1962) investi-

gated the response of gonion to resection of the right

internal pterygoid muscle and concluded the cleaned skulls

showed arrested osteogenesis at the right gonial contour

and alteration of the pterygoid plates.

All of these form and function studies have a

common deficiency. The observation of an alteration in

skeletal contour, usually in tl¡-e direction of a relative

diminution, was interpreted as a lack of bone apposition
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or resorption in the area concerned in growing animals.

Such conclusions regarding the actual occurrences of bone

growth at a particular site are questionable unless techni-

ques, such as radiographic implant studies, microscopic

assessment of cross-sections of bone t ot vital staining

have been employed.

The fascial attachment of the branches of the

facial nerve to the masseter muscle in the rat is such that,

section of the nerve is to be expected when the muscle is

extirpated. However, Horowitz and Shapiro (1955) stated

that the parotid gland and facj-al nerve remained intact

after their masseterectomy procedure. Findings in 12 rats

vzere compared to those in an equal number of control

animals i a necessary comparison that is noticably lacking

in most studies cited in this presentation. Horowitz and

Shapiro did both unilateral and bilateral masseterectomies

and concluded that unilateral removal of the masseter

resulÈs in severe skeletal alterations in the sku11, jaws

and dental arches while no marked g'ross or dental changes

follow bilateral removal of the masseter muscle.

The detailed alterations observed after unil-ateral

masseterectomy are of interest and excerpts from the

summary of results follow:

Sku11. The rostrum deviates
side-ãlterior to the fronto-nasal
nasal and the premaxillary bones

toward the unoperated
suture; both the

are affected by this
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change.
1'ñe sweep of th-e zygomatic arch- is considerably

reduced on tfre operated sLde; the entire arch is
closer to the cranium, and the zygomatic bone proper
is exceedingly thin. The anterior palatine foramina,
usually touñ¿- in bilaterally symmetrical locations in
the control animals, varied in the operated animals;
the foramen on the operated side lies further posterior
than that of the unoPerated side.

Mandible. The boãy of the mandibl-e on the operated
sidã-Eenãã-sharply downward and 1atera11y in the
region of the third molar tooth; the ang'uIar process
is blunt, and. altered by a pronounced medial deflection;
and a characteristic remodeling occurs in the ascending
ramus, with corresponding alterations of the internal
architecture. The mandible on the operated side is
reduced in size, expecially in the superior-inferior
dimensions of the ramus (from the sigmoid notch to
the lower border); a smaller reduction in size is seen
in the condyle-1ower incìsor alveolus length'

The dentãl arch. A "bowing" of the maxillary arch
occuffiated side and the occlusal relation-
ships of the teãthr are severely affected on both sides"
The first and second molar teeth of the maxilla and
mandible do not occlude on the operated sid'e ¡ -"open bite"; the remaining molar--teeth meet in a
shäaring manner t - "cross bite.'' The incisor teeth
deviate toward the oPerated side.

The teeth of the òperated animals, viewed under
the dissecting microscope, show almost no evidence of
attrition; extensive alveolar atrophy is apparent'
especially in the region of the molar teeth'

Histologic examination of the periodontium and.

microscopic evaluation of the alveolar bone in the uni-

laterally masseterectomizeð. rats also revealed alterations

(Horowitz and Shapiro' 1956) An appearance of generalized

disorganization in the atrophic periodontal membrane of

the fower right (operated sj-de) first molar was recorded-

In occasional sections, localized mild inflammatory

processes were observed., but there WaS no pocket formation'
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A picture of generalized atrophy was also seen in the

alveolar bone. The buccal wall was reduced to a thin

sheIl of bone and resorption occurred in the interradicular

septa. The crests of both buccal and lingual alveolar

processes were resorbed apically for a considerable

distance. None of these alterations were apparent in

a digastric muscle resection group or in the control

group animals. Unfortunately, the left (unoperated side)

mandibular molar areas v¡ere not also studied to make the

comparison possibilities complete.

A large study, comprising observations on 37 dogs,

19 cats, and 4 rhesus monkeys , of the effects of extir-

pation of the masseter and temporalis, and removal of

tooth tubercles, was completed by Nikit.juk (1968) .

Metrical assessments, vital stain bone marking and

fj-ssue line representation techniques were used.

The comparison of the results of this study with

research that had been previously reported yield'ed

interesting discussion regarding the mechanism responsible

for growth alterations. One such analysis was based

on Scottts (1957) statement that the relative amount of

sutural growth d.ecreases with age while the relative

amount of apposition on flat bone surfaces increases.

Nikitjuk found greater growtkr- on the operated side in



24.

young animals, an equal-ization of growth rates of operated

and unoperated sides with increasing age and less growth

on the operated side in older animals. Most authors have

reported decreased growth on the operated side. According

to Nikitjuk, this may be viewed as a simplification due to

a lack of observation of the early growth periods. To

explain these age linked growth alterations, Nikitjuk suggests

that (1) the operated side undergoes a decrease in

functional stress while the unoperated sid.e undergoes an

increase and (2) pressure increases result in a slower

growth rate at sutures but an accelerated rate of apposition

on flat surfaces due to increased l-ateral tension in the

periosteum. If these two postulates are accepted along

with Scottts statement then an explanation of the mechanisms

accounting for the observed altered growth rates is possible.

In young animals, where sutural growth predominates, a

decrease in functional stress would favorably affect the

growth rate of the operated side. In older animals, where

flat surface growth is more prolific, the same decrease

in functional stress would yield less growth for the

operated side
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MOLAR EXTRACTION OR RNDUCTION

A cfassical prescntatÈon by Baker (L922) was

concerned with observatlons derived from a series of

experiments utilizing small numbers of rabbits, sheep,

etc. The paper was read to propose a viewpoint and

generate interest in lhe subject of craniofacial altera-

tions due to interference with masticatory activity

resulting from tooth reductÌon. Unfortunately, numerous

misrepresentations occur ..hroughout the presentation.

The problems of providing correct orientation lines in

a subjective analysis of an object as complex as the

skull were well il-lustrated in Bakerrs photographs. A

five gram difference in skull weight in animals whose

total skull weight is 248 grarns must be statistically

insignificant and is a poor basis for a conclusion

regarding reduced skull weight in operated animals. A

comparison of an ewe with her lambs neglects the impor-

tance of their age difference. The finding that "7,050

pounds of pressure were exerted on the bones of the skull

through the medium of the teeth in masticating (a lean

corned beef sandwich) " also prompts reflection regarding

the authors intention.

McFee and Kronman (1969) provided a more scienti-

fic basis for assessment of the alterations in maturing
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rabbits by using metallìc implants and cephalometric

radiography. They deterrnined that the snout was the maJor

region of growth (in 65 day-oId rabbits) which was directed

anteroposteriorly. Growth of the snout was impaired after

obliteration of posterìor and anterior teeth on the right

side. A tendency toward deviation of the midline toward'

the untreated side was observed.

The process of extraction wound healing has been

studied by numerous authors ín a variety of species.

Pietrokovski and Massler (L967) gave an account of findings

after rat molar extractions. They found that the rate of

healing was the same whether one or two adjacent molar

teeth were removed. Healing was slower in the maxilla as

compared to the mandible. The alveolar crest resorbed

after tooth extraction while the socket region filled in

with new bone at its base. The retention of root remnants

(a common occurrence in rat molar extraction due to hyper-

cementosis) delayed and altered the healing process"

Exfoliation was in progress accompanied by cementum

apposition

The general changes in the Jaws following tooth extrac-

tion (not timited to healing of the tooth socket) were

studied by Astrand and Carlsson (1969) using the techniques

of histology and fluorescence microscoPy after administra-

tion of 'tetracycline. The f ormation of bone outside the
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sockets was I ocalùzed to th-e basal bone layer whìch forms

the upper lÌmit of the maxùllary alveolar Process in the

rat. This ossification appeared to begin about 3 days

after extraction and to continue for about a week. It was

usualty restricted to the area opposite the socket of the

extracted tootkr and might be a compensatory process '
whereby the alveolar process is reinforced after loss

of the tooth.

Koivumaa (1961) reported periodontal pockets,

tooth mobility and gingivitìs on the non-extraction side

which was ascribed to overloading mastication. Some cases

did not show these changes suggesting an individual sus-

ceptibility. Changes in the periodontìum of teeth without

antagonists were more frequent and serious. The masseter

muscle (but not the temporal) of the operated side was

found to be atrophic.

Other Variables

Numerous other types of changes in the "normal"

life style have been demonstrated to play a role in

structural modifications. Watt and Williams (f957)

disclosed. that the physÌcal consistency of food affected

the growth and development of the mandìb]e and maxilla

of the rat. Heston (1938) discovered rostral deviations

(not side specific) tn rats fed a dLet havùng an extenslvely
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altered calcium to plr-osplr'orous ratio' SeIman and Sarnat

(1953) extirpated the frontonasal suture of th-e rabbit

and disclosed findings Ìn agreement wÌth NikitJukts

hypothesis Presented earlÌer'
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MATERIALS AND METIIODS

I. SAMPLE

The sample consisied of 26 to 38 normall and 30

"experimental" Long-Evans strain male rats. The experimental

anÍmals were divided into three groups of ten animals each;

a masseterectomy group, a sham operatìon group, and an

extraction group.

The starting weight of each animal was 90 1 3 gm.

except for the members of the extraction group whose

starting weight was 145 t 3 gm. to allow time for t'he

eruption of third molar teeth. The corresponding ages are

circa 30 and 40 days, respectively. Animals demonstrating

regular daily weight gains were selected shortly after

weaning. Many of these \^lere littermates so the sample was

as homogeneous as possibl-e.

During the study period of 77 days for the normal

group and 74 dalzs for the experimental groups, animal

weights were recorded and the growth curves were expected

to approximate a linear configuration. The rats were

maintained on a diet of Purina Laboratory Rat Chow and

't-S.H. Jacobson. ]-969. Mandibular Growth in the Rat.
Master's Thesis, University of

J.F. CIeaIl. 1971. Growth of the craniofacial
complex in the rat. Amer. J. Ortho.,60:368-381.
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water ad libitum, and no alterations

were made for the benefit of operated

summarizes the animal groupings.

TABLE T

ANIMAL GROUPS

to the hard pellets

animals. Table f

Group
Number of
Animals Starting Weight

Normal Cranium*

Normal Mandible**

Masseterectomy

Sham Operation

Extraction

26

3B

10

10

10

90 t 3 gm.

90 ! 3 gm.

90t3gm.

90 t 3 9m.

145 t 3 gm.

*J.F. Cl-ea11, op. cit.

**S.H. Jacobson, op. cit.

II. VITAL STAINÏNG

A series of five vital stain lines was achieved by

intraperitoneal- ínjection of oxytetracycline, alizarin red

S, trypan bl-ue, or combinations of these at the intervals

and dosages shown in Table II.

Two stain line sequences \,ùere used. The second

sequence omitted the use of trypan blue which was difficult

to visualize under ul-tra-violet light and required the

injection of a larger fluid volume than tetracycline or



Appositicnnl Growth

Typical Stain Line C*ntours at Cranium Site 22"

Tlpical Stain Line Contours at Cranium Site L4"

Figure 1. Ph-otomicrographs of Stain Lines.
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Apposition and ResorPtion

Typical Stain Line Contours at Mandible Site 24.

Typical Stain Line Contours at Cranium Site 7.

Figure 2. Photomicrographs of Stain Lines.
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TABLE II

VITAL STAINING

SEQUENCE 1.

Stain Line Code Injection Day Dosage

Terramycin
(Oxytetracycline)

Alizarin Red S
(2s¿ Solution)

Trypan BIue

Terramycin +
Ali zarin

Terramycin +
Trypan Blue

Bone Ed.ge
(No Stain)

A Day 0

Day 4

Day 11

Day 25

Day 46

Day 74 (Expt'1)
Day 77 (Control)

70 mg. /kg.

300 mg./kg.

350 mg. /kg.
70 ms. /kg.

200 rng./kg.

70 mg. /kg.
350 mg. /kg.

Sacrifice

D

B

C

E

F

SEQUENCE 2.

Terramycin
(Oxytetracycline)

Alizarin Red S
(2% Solution)

Terramycin +
Alizarin

Terramycin

Alizarin

Bone Edge
(No Stain)

A Day 0

Day 4

Day 11

Day 25

Day 46

Day 74

70 ms. /kg "

300 mg. /kg.
70 mg. /kg.

200 mg. /kg.
70 mg. /kg.

250 mg./kg.

Sacrifice

B

c

D

E

F
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alizarin red S. The first stain sequence was used for the

control group, masseterectomy group and part of the sham

operation group. The second sequence was used for the

extraction group and the remainder of the sham group. The

use of different stain sequence \^ras not expected to influence

the results of the studY.

The determination of appropriate stain d.osages and

the effect of these agents on bone growth has been described

elsewhere (Clea11 et al., L964) .

If a growing bone surface is sectioned at right

angles after vital staining, a thin line (representative of

bone deposited while the stain was in the circulation) is

visible. As the plane of sectioning deviates from 90

d.egrees to the bone surface, the width of the stain line

increases, thereby complicating the interpretation and

measurement of stain markings. A degree of operator

experience is required to obtain reliable measurements.

III. SURGICAL PROCEDURES

Masseterectomy

On Day 2 of their study period, one group of rats

had the entire right masseter muscle removed under Nembutol

anaesthesia (35 mg./kg.) . The procedure \¡/as as follows:

1. A skin incision 2 cm. long was made running

paratlel to, and bel-ow the zygomatic arch- from below the
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ear to 5 mm. from the corner of the mouth.

2. Blunt dissection of th.e underlying fascia

allowed retraction of two flaps usÌng elastics sutured to

the flaps and held to the edges of the operating board.

This was the only stabilization and was used to minimize

the chance of interference with respiration.

3. Blunt dissection of the anterior superficial

head of Lhe muscle, and severance of its anterior ligamen-

tous insertion allowed reflection of this portion to reveal

the underlying anterior deep head which was sectioned just

beneath the zvgomatic arch.

4. The posterior superficial and posterior deep

heads $¡ere separated from the zygomatic arch by an incision

along its inferior border so placed as to ensure that the

periosteum remained undisturbed.

5. The muscle mass now remained attached only on

the lower border and angle of the mandible and was cut

close to the bone with scissors.

6. The marginal mandibul-ar and buccal branches of

the facial nerve were removed with the muscle because of

their close fascial attachment to its surface. Care was

taken not to injure the facial artery or perforate the

buccal membrane.

7. Three interrupted sutures \^/ere placed to close

the site and post-operative recovery was rapid.
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Sham Masseterectomy

The sham operation group of rats was subjected to a

procedure of skin incision and flap retraction; facial nerve

transsection (marginal mandibular and buccal branches);

stimulation of localized bleeding and wound closure. The

operation \^Ias carried out on the right side only. The

intent of these procedures was to ascertain what contribution

to the disturbances observed in the masseterectomy group

v¡as provided by features of the surgical intervention other

than muscle removal

Extraction

On the first day of the study period; the maxillary

right first, second, and third molars \dere extracted in the

third group of experimental animals. The use of a paper-

clip mouthprop and specially adapted forceps made the

removal of these teeth relatively simple in spite of the

physiological hypercementosis of roots which necessitated

delicate luxation lest the roots be fractured. Nembutol

anaesthesia was used.

TV. SPECIMEN PREPARATTON

At the conclusion of the study period, the animals

were sacrificed by decapitation under ether anaesthesia.

The heads were placed in a pressure cooker at 30 Lb./sq. in.
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for five minutes. After the soft tissues were removed from

the bones, the cleaned crania and mandible halves were

stored in 70 per cent ethyl alcohol.

Embedding Procedure

t.Tr"" att* specimen was placed in Bioplas tic2
liquid (polymer) overnight to allow complete penetration

into cavities and the escape of air bubbles.

2. Forms of appropriate size were made from tin
foil. A layer of Bioplastic liquid and catalyst (monomer)

v/as al-lowed to harden in the floor of the form.

3. The specimen was lifted from the Bioplastic

liquid, drained briefly and oriented in the form. A

mixture of liquid and catalyst were ad.ded to fitt the form

once the specimen was stabilized.

4. After initial setting, the block was cured at

65oc. for one day.

Sectioning

A Gillings-Hamco Thin Sectioning machine with a

d.iamond wheel3 *.= used to cut coronal- sections of the

undecalcified rat crania and cross sections of the

)_.'Bioplastic (Ward's Plastic Center Incorporated,
Rochester, New York 14606).

3cittings-Hamco, Roclrester 20, New York.



38 "

l:i:::l::ì:

liì,li]ì
i:ìlil.ìt':ì

1i:,::::i:1Ìi¡i'l'.i:ir

Figure 3. Gillings-Hamco Thin Sectioning Machine.

rl:'

njï

i¡
::



39.

mandible halves. The plastic blocks were prepared for

this step by trimming, polishirg, scoring guidelines and.

mounting on a plastic holder in proper orientation.

Sections of I2O to 180 microns and of an area suitable

for mounting on microscope slides under a glass cover $/ere

produced.

Seven regions, determined by anatomical landmarks,

were chosen for study in the cranium. Three consecutive

sections vlere taken in each region. Similarily, six

regions \,üere chosen for stud.y of the mandible halves witlt

two sections representing each region. Figure I illustrates

the areas of sectioníng and their designations. It will be

noted that all sections of the cranium were cut in ttre

coronal plane. The mandibular sections, however, are cross

sections cut at right angles to a line tangent to the

inferior border and angular process of the mandibular

half.

V. MEASUREI4ENT

The slides \,vere examined using a Zeiss Standard

Research GSL microscope with both ultraviolet and tungsten

light sources. The microscope was also equipped with an

eyepiece scale, a calibrated microscope stage and suitable

filtering systems.
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In each region of sectioning, a number of sites were

selected which could be determined by reference to anaÈomi-

cal landmarks so that the error of relocation was minimal.

For each side of the animal, there were 58 sites
studied in the sections of the cranium and 30 sites studied

in the mandibular sections. Left and right sides were

evaluated independently for the experimental groups. The

control- values assumed symmetry and were obtained from

studies of the normal growth of rat crania and mandibres

computed by C1ea11, L970, and Jacobson, 1970.

Linear Analysls

The eyepiece scale, vrhich was graduated in units of
5 microns at the magnification used, ranged from 0 to 500

units. The sLain line intervars at each site were measured

by first pracing the 0 mark at the beginning of the first
stain; then recording the scare values at the beginning of
the subsequent stain lines and finally the bone edge in
accumulative fashion. A computer program was used to change

the five readings obtained into appropriate interval values.

Table rrr shows the measurements made and the intervals
cal-cu1ated.

The measurement error of the linear analysis varies

with the width of stain lines and the abirity to relocate

a measurement site. In ideal instances. the error v¡as
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!2.5 micronst ranging up\^/ards to t25 microns in sites posing

interpretative difficulties. The majority of measurements

were accurate to a tolerance of t10 microns. This accuracy

hras far better than was required for the study.

' The computer program for the linear analysis yielded

the means, standard deviations, and standard errors for
seven of the intervals produced by sequential staining as

listed in Table III. StatisÈics were calculated for both

operated and unoperated sides from progressive measurements

for each animal. In addition, the mean differences between

right and left sides for each of these measurements were

calculated and a Studentrs t test applied to discover

significant differences between sides.

TABLE TII

LÏNEAR MEASURE¡4ENTS

St,ain Lines Measurements fntervals

AB

AC

AD

AE

AF

A

B

c
D

E

F*

(Day 0)
(Day 4)
(oay 11)
(Day 25)
(Day 46)

(Day 74 or 771

AB t¿ OrV=)
BC (l Days )

CD (14 Days)

DE (21 Days)

EF QB or 3t
nays )

AE (46 Days)
AF (74 or 77

Days )

* Bone Edge.
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Co-ordinate AnalysLs

The eyepiece scale was centered so that the 250

micron mark remained in the center of the field no matter

how the scale was rotated. This mark was used to register
the co-ordinate points at the first and final (e and E)

stain lines at each site. The x and y co-ordinates v¡ere

read from the vertical- and horizontal Vernier scales of
the microscope stage which were calibrated in 0.1 mm. The

accuracy of the co-ordinates obtained was t60 microns on

both axes.

A computer program developed by Chebib and Cl-eall 4

(L970) allowed the mathematical superimpositioning of a

series of co-ordinates on a standardized set of axes once

a conmon origin and direction had been selected, thereby

providing the mean co-ordinates and their standard deviation

for the sample.

Polygons were constructed from the mean co-ordinates

for each region of sectioning in each study group to allow

graphical comparison of alterations in size and shape.

These polygons were produced by drawing a continuous

line connecting the points determining tLre location of the

initial (e line polygon) or final (E line polygon) stain

lines at each site in the particular section in question.

4cleal-I,J.F. and Chebib,F.S . Ig7:r.
analysis applied to orthodontic studies.
Vol. 4I, #3, 2I4-2I8.

Coordinate
Angle Ortho.
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CODES

rn order to improve legìbility, a number of

abbreviations will be used. to denote the various sides

of the study groups. The study groups are the normal

group, masseterectomy group, sham operation group and

extraction group. When the term "experimental groups"

is used, it refers to all but the normal group. Each

of the experimental groups was further subdivided into

the operated side (right sid.e) and the unoperated side

(left side) since the measurements for sites were

compared independently. The abbreviations for these

divisions are:

NORM - Normal Group

MAS - Masseterectomy Group (no side distinction)

MASR - Operated side of the Masseterectomy Group

MASL Unoperated side of the Masseterectomy Group

SHAM - Sham Operation Group (no side distinction)

SHAR - Operated side of the Sham Group

SHAI - Unoperated side of the Sham Group

EXT Extraction Group (no sid.e distinction)

EXTR - Operated side of the Extraction Group

EXTL Unoperated side of the Extraction Group

The abbreviations for the seven stain line intervals

have been illustrated in Table. III. Th-ese codes will be

utilized in Figures, Tables and in the text with no further

explanation.
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CIIAPTER IV

RESULTS

GENERAL OBSERVATIONS

Growth Curves

comparison of the grol,rth curves obtained from plotting
the data of the linear analysis for each of the BB sites
studied revealed a dominant pattern that was observed at
the majority of sites. The behavior of the growth curves

of each group studied was typical as was the relationship
of the curves of the various groups to each other. The

tendency to follow the pattern was exhibited by both

mandibul-ar and craniar growth curves. when exceptions to
the basic pattern occurred, either within a group or

between groups, then an occasion of specific influence

rather than generalized growth alteration \^/as recognized.

Normal. The basic pattern is il-lustrated by the

growth curve drawn in Figure 5. The first interval (ae¡

represented the ending of a growth spurt in the normal group

which corresponded well with the completion of the dentition
by the eruption of the third molar teeth at an age of
approximately forty days. The succeeding stain rine inter-
vals (BC, CD, DE, and EF) showed relatively steady daily
increments of bone deposition with a magnitude dependent

on the particular site Location. The result was an almost
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linear growth curve for this period with a tendency for a

gradual growth rate decllne as th-e experimental period

progressed. This tendency was most marked in the final

interval. Left and right sìdes were assumed to be growing

at the same rate in the normal group and were represented

by a single curve

Masseterectomy. Each of the experimental groups

demonstrated a different growth curve pattern. The

masseterectomy group curves showed a biphasic response. It

began with an initial rate much less than normal tluring the

AB interval followed by an accelerated rate in the BC

interval which regularly surpassed the normal rate. Another

period of rate decrease occurred in the CD interval followed

by an acceleration in the DE interval and a final rate

decl-ine during the EF interval. The alternating periods

of decreased and increased apposition rate resulted in a

total bone deposition that was less than normal. The

bisection of the oscillating masseterectomy curve would

yield a net growth curve of gradually decreasing slope.

When compared to the normal curve an increasing rate

disparity would be observed with the progression of time.

The periods of acceleration of bone deposition (which can

be interpreted as an attempt to compensate for the periods

of retardation) were not sufficient to prevent the overall

decrease in bone apposÌtion.
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The Duncan Multiple Range Test was used to determine

the statistical significance of the growth increment

differences between groups for each stain tine interval.
The alternate increments of growth in the masseterectomy

group were either significantly less or more than normal;

usually at the 1 per cent level- of confidence.

There were growth rate differences between the

operated and unoperated sides of the masseterectomy group

which also demonstrated a "catch up" pattern, as the growth

curves of the sides neared or crossed each other; but the

overall effect was one of less growth on the operated side.

The side differences were usually small and not statisti-
cally significant. When a side difference of sìgnificance
was observed it was an important finding related to a

specific type of growth alteration at the site concerned.
qhgq. The growth curves of the sham operation

group approximated. the normal- curve more closely than those

of the masseterectomy or extraction groups. The total
growth of the sham group v¡as usually not significantly
different from normal. There \^ras, however, greater

variability in the relationship of sham to normal curves

than in the rel-ationship of other experimental groups to
normal curves. The sham group curves demonstrated a

variety of patterns in relation to the normal.

1. A period of early decline in rate was followed
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by accel-erated deposition during the second half of the

experimental period often yielding total growth values

slightly larger than normal.

' 2. A period of earty growth accel-eration of a mild

degree ended in a marked rate decline during the EF interval

resulting in overall growth slightl¡¡ less than normal.

3. The sham group curves demonstrated a rate less

than normal but greater than that of the massetereclomy

group or extraction group.

Because of the variety of general growth responses

demonstrated by the sham group (a11 of which were not

critical in the overall analysis since they yielded total
growth values which \^rere usually not significantly different

from normal) the sham group curves have been omitted from

Figure 5. Significant differences from normal did occur

during the most rapid periods of rate change of sham group

apposition.

The rate differences between the operated and

unoperated sides of the sham group were commonly small and

not statistically significant. Rare instances of important

side differences were found at sites near direct surgical
intervention.

Extraction. At many of the sites the extraction
group curves showed the slowest overall rate of bone

apposition of all the groups studied. The AB increment,
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was usually larger tlran that of the masseterectomy group

but smaller than normal. There followed a decline in rate
during the BC interval and a recovery marked by an increase

in rate to approximately normal value for the cD intervar.
The decline in rate that occurred. during the DE and EF

interval-s v¡as more marked than normar decrine. substantial
differences between extraction and normal group increments
were statistically signìficant at the 1 per cent level for
most of the sites studied. The rates during the AB and BC

intervars often approximated the normal value and were not
significantly different.

fn general, the operated side of the extraction
group grew less than the unoperated side but these differences
were slight. side d.ifferences of statistical significance
were confined to sites directly affected by surgical i_nter-
vention

The starting weight of the extraction group (145 gm.)

was larger than that of the cther groups (90 gm.). The

possibility of a conLribution to the finding of retarded
growth in the extraction group due to sl_ower apposition in
an older age range was investigated. Examination of weight
gain curves for the normal group revealed that normal animals
achieved a weight of L45 gm. on about the sixth day of the
experimentar period. The sixth day value on the normal

curve was taken as the starting point for the extraction
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group and the growth curves of the extractìon group r¡/ere

adjusted for a selection of sites to eliminate the age

difference. It was found that such adjustment brought

the extraction curves graphically closer to the normal

curve. The starting sector of the extraction curve (the

original AB interval) now was coincident with the normal

curve but the overall growth rate differential was not

altered appreciably. This was possible because both

normal and extraction curves approximated linearity to

about the same extent and an adjustment of six days in a

perioC of seventy-four was insignificant. The total amount

of bone deposition registered for the extraction group was

somewhat increased by the age correction, but not enough

to influence the significance or interpretation of findings
obtained without the age correction.

On the basis of these comparisons, it was decided

to retain the rate comparison values obtained for the

extraction group without utilizing the age correction.
When viewing the graphs it should be kept in mind that the

slope of the AB interval of the extraction group is best

compared to the slope of the BC interval of the normal

group, and that the graphical separation of normal and

extraction curves is somewhat exaggerated.
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V.(BIGHT GAIN

The curves plotted as weLght against time for the

various study groups revealed a pattern similar'to the

general patterns of skeletal growth curves. The entry

into a slower phase of growth at approximately 35 days of

age (BC interval) was observed as a decline in the weight

gain rate at the same time. The weight curves were much

more erratic than the bone apposition curves. Weight loss

was noted after vital stain injections but was quickly

recovered in a "catch up" phase. A similar recovery was

never as complete for skeletal measurements.

The mean weights at the time of the fifth stain

injection for the various groups \¡¡ere as follows: normal

group 274 9ft., sham operation group 286 gü., masseterectomy

group 254 gr., and extraction group 265 gm. (adjusted

for initial difference). These weights reflect the relative

general bone growth findings. The Studentrs t test for

statistically significant d.ifferences was applied but none

of the weight differentials were significant.
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ANTEROPOSTERIOR GROWT}I

One of the problems assocÌated with a study of stains

in the coronal plane is the lack of direct assessment of
growth in the third dimensÌon. A most important consideration

to be kept in mind when inspecting the apparent growth

increments in the lateral dlrection is the effect of the

ar:ea relocation process due to growth in the anteroposterior
direction. The various regÌons of sectioning were serected

by the location of anatomical landmarks at the end of the

experimental period. This procedure did not aIlow the

sectioning of the same region of "initial bone" in animals

growing at different rates in the anteroposterior dimension.

Consider the hemimandible which is a single bone. A

metallic implant placed in the Retromolar Region (just above

the antegonial notch) at the beginning of the experímental

period would be found 1ocated anteriorly and superiorly in
rel-ation to the same anatomical l-ocation on the enlarged

hemimandible at the end of the experimental period. The

section made through the antegonial notch (Retromolar Region)

at the end of the experiment would not contain the implant,

that is, the bone which occupied the precise antegonial notch

position at the start of the experiment.

The linear measurements which were made between stain

lines are therefore not an assessment of direct lateral bone
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apposition but the measurement of the lateral resultant of

an oblique growth dlrecti.on endìng in tlr-e region sectloned

at the conclusion of the experimental perlod. The degree

of obliqueness of the growth direction is dependent on the

amount of anteroposterìor growth.

The coordinate analysis polygons provided a graphical

manifestation of this consideration. If afl the study

animals (tnat v¡ere the same size initially) grew at the sarne

rate in the anteroposterior direction, then the coordinate

polygons representing the initial stain line position at the

study sites in a particular region would be identical.

However, it was found that the mandibular A line polygons

could not be superimposed for the experimental groups

(Figure 6 ) . Varying growth rates were observed and held

responsible for this finding.

The coronal sections of the cranium reveal a number

of sutural connections which allowed the translation of

bones in relation to each other. As might be expected, the

A line polygons showed even less similarity for the cranial

regions (nigure 7).
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First Molar Region XIII

(Anteroposterior View)

Legend
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Figure 6. Mandibular A Line Polygons.
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Premaxi 1 lary
Region II

Legend
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First Molar
Region IV

Figure 7. Cranial A Line Polygons.
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GROWTFT SITES

The regions of sectioning were selected at the end

of the experimentar period by reference to anatomical

landmarks and were located and. named. as illustrated in
Figure B. rn each region a number of sites were selected
according to the standardized technique and these are

numbered and located in Figures 9 to 2L, inclusive.
These diagrams of each region illustrate the typical
outline and normal bone growth patterns. The stain
lines are lettered in accord.ance with Tabl_e II.

To facilitate the reading of the results, removable

sheets showing composi-tes of the diagrams for cranial and

mandibular sections have been included. site locati_ons

are numbered from one to thirty in the mandibular cross

sections and from one to fifty-eight in the cranial
coronal sections from anterior regions to posterior
regions.
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MANDTBLE

SUPERTOR BORDER

The superior aspect of the tncisor process was a

measurement site in both the symphysear Region and post

Symphyseal Region (Figs.9.l"0) . As might be expected from

a consideration of their anatomical relationship to the

lower incisor, the growth rate of site 1 was greater than

that of Site 4 (Figs .22,23) . The total amounts of bone

apposition for the normal group were 360 microns and 260

microns, respectively. The usual normar growth curve was

presented at site 4. The plane of sectioning did not
approximate the growth direction at site 1 so the previously
discussed, artifact of a small contribution to the growth

rate decrease in the EF interval was introduced. Mean

increments of bone d.eposition are shown in Table rv.

The growth rate of the sham operation group was not
significantly different from normal at either site; although

the total growth was less than normal at site 4 and more

than normal at site 1. The resser growth rate of the

operated side was not significant during any of the

interval-s.

The growth curve of the masseterectomy group

reflectecl the usual pattern of alternative periods of rate
increase and decrease at both sites. The operated side
grevr slower than the unoperated sùde and both sides showed
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TiiBLE IV

TNCNTTUSìTS OF BONE APPOSITION AT TTIE SUPERIOR BORDER

MEANS AND STANDARD ERRORS IN MICRONS

AB BC CD DE EF
MEAN SE MEAN SE TOTA],GROUP MEAN SE MEAN SE MEAN SE

MÄNDIBLE SITE 1

NORM
MÀ.SR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

54
19
2I
46
47
49
61

31
I4
16
27
28
22
19

10
5
6

15
11

9
9

I
13
T4

5
3

10
7

3
2
4
5
6

11
11

63
67
74
49
53
63
49

333
234
405
252
42 L2
L43
183

62
56
61
BO

BB
103
r77

45
36
35
40
47
54
47

11
6
7

T2
16
16
l6

92
37
43
B6
68
60
63

B1
2L
30
67
5B
54
50

360
272
287
357
375
365
378

259
161
L97
227
237
2L9
199

89 12
939
BB 18
96 L4

119 22
90 12
88 12

693
676
76 7
68 10
629
755
65 5

MANDTBLE SITE 4

I
2
2
2
t
2
2

3
3
4
8
6
5
4

9
2
I
5
5
6
6



79.

a reduced total grovrtlr. At S:Lte 4 the o¡reratecl sjde did
not slr-olr the customa-ry gror'rthr accele::ation in. ilre Bc

interval and grew signifj-cantly slower (p<.01) .Lhan the
unoperated side. The similarity of further increments
(beLween sides) resulted ìn a total growth differeirce
between sides that just reached significance at the p -
0,5 level-

In contrast to the masseterectomy group, the
extraction grou.p demo'stratecl a different response at each

site. At Site 1 a significant difference (p<.05) between

sides was noted in the BC interval with the operated side
growing faster than U:e unoperated side to compensate for
an initial retardation. Total apposition v\¡as equat between
sides by the th-i-rd stain injection. rn the followinE cD

interval, both sides grev¡ faster than ncrmar (EXTR p = .05,
EXTL P = .01) ther:ly ensuring a toLal amount of bone

deposition slightly above,nornal value.

At site 4 a morë usual pattern for. the extraction
group curves was observed. Both AB and BC intervals had

slower growth than normal with the BC dail_y increment
being less than the AB in accordance rví,;h the featu::e of
a delayed growth sl-owdor,,¡n. These rates r.iere significantly
different from normal at p = "0r for boilr interval.s.
During the cD interr¡al. the extractian group glîehr fastest;
llhe righi side rate r¿as sùEnificap-tl¡, cl-ijlferent fronr the
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slowest group rate, the masseterectomy rate, at p = .05.
A period of rate decline followed Ln the EF interval which

hras less than nornal (p<.01) and was the usual finding in
the extraction group pattern.

The nature of group interactions \^rere such that no

significant differences were recorded far the AE interval
at either site I or 4. This demonstrated. the tend.ency to
maintain normal amounts of bone apposition and the "catch
up" abilities of the experimental groups. However, the
rapid decrease in growth rate during the last intervar
(EF) that is customary with the masseterectomy group

resul-ted in significantly less totar growth than that of
the majority of the other qroups.
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TNCISOR SOCKET

comparison of bone apposition rates at the superior
(site 2) and lingual (site 3) margin of the incisor socket

in the symphyseal Region, demonstrated the coordinated

reactions to unilateral functional disturbance shown by the

operated and unoperated sides in different locations. on

the superior aspect of the socket, the operated sides were

all growing slower than the unoperated sides; while on the
lingual margin the reverse was true (Tab1e V).

The total amount of normal growth was approximately
2\ times greater on the superior aspect, but the most marked

inter-site difference was that of the unoperated side of the
extraction group (nigure 241. The growth rates at these two

sites give an indication of the direction and speed of drift
of the lower incisors. rndividual group comparisons showed

numerous statistically significant differences.
Sham Group. Both sides of the sham group had the

same growth trend at site 2¡ that was notable for a decreased

rate during the AB interval (p = .05), which become more

significantly decreased (p = .01) during the BC interval
(nigure 2Ð. Thereafter, the growth increments approximated

the normal values. rn contrast at site 3, the right side
of the sham group had a curve that demonstrated no signifi-
cant variation from normal, but did have a,,catch up,,phase
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TABLE V.

INCREMtrNTS OF BONE APPOSTTION AT TH.E

MEANS AND STANDARD ERRORS TN

INCÏSOR SOCKET

MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

¡4EAN SE
EF

MEAN SE TOTAL

MANDIBLE SITE 2

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NOR-M
MASR
MASL
SHAR
SHAL
EXTR
EXTL

63
31
2B
4L
46
36
53

24
T4
16
2I
2I
2L
19

4
7
6
I
9
3
7

697
286
38 4
446
395
58 B

626

38 3
376
30 5
30 3
263
263
284

100
50
56
87
90

138
202

MANDTBLE STTE 3

T7
9
7

11
13
13
23

154 L4
879

L27 16
151 20
151 24
2L3 16
2L3 26

596
699
4L7
54 5
51 6
49 l1
23 10

148 9
47 L2
57 10

151 27
163 30
LzL 24
L73 20

457
236
166
33 L2
11 4
l-45
64

534
243
306
474
489
566
703

209
178
134
190
L47
L7I
119

I
2
2
2
3
2
2

43
35
31
52
38
61
43

3
4
4
7
4
7
6
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during interval CD when the rate was more than normal. The

left side grew slower th-an normal durÌng ttle BC interval
(p = .05) and this growth discrepancy was again evident,

to a more marked degree, in the EF interval (P = .01). The

differences between sides were sìgnìficant at P <.05 during

the CD and EF intervals.

Masseterectomy Group. A discrepancy between sides

\^ras also evident in the masseterectomy group rates for Site

3, and occurred during the DE interval (P <.01) as a decline

in growth of the unoperated side. This rate reduction \^/as

sufficiently large to make the overall growth of the left

side significantly smaller (p<.05). The operated side

curve traced the customary pattern of the masseterectomy

group with only rate decreases during the AB and EF inter-

vals being significant. The unoperated side curve differed

from the pattern by a lack of acceleration during the DE

interval and a more marked acceleration during the EF

interval (P = .01).

At Site 2, the greatest, difference in growth incre-

ments between sides for the masseterectomy group was noted

during the DE interval (p <.05). Growth of the left side

was not significantly less than normal for this interval

only. The right side grew significantly less than normal

throughout the experimental period.

Extraction Group. The extraction group tr-ad the
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largest total growth difference between sides at both Site 2

and Site 3. The curve of growth at Site 2 behaved opposite

to the findings of the masseterectomy group reaction in that.

a greater than normal rate was recorded during the CD, DE

and EF intervals for the unoperated side. The signifÍcance

of this difference decreased from P = .01 to P = .05 to not,

significant. The right side grev\i slower than the left and

was only significantly faster than normal during the DE

interval (P = .05).

There was a similarity of growth pattern between the

extraction and masseterectomy groups at Site 3. However,

after a mutual initial retard.ation the extraction group rates

accelerated in the CD interval so that the right side was

significantly faster than normal (P = .01). These followed

at late deceleration in the EF interval that was shared by

the left side (P = .01), but the left side had also been

subject to a rate decline in the DE interval (p = .01).

These differences in the timing of the deceleration phase

resulted in the right side showing more total bone apposi-

tion than the left side (P = .05) "

The means and standard errors

apposition at these sites are shown

increments of bone

Table V.

of

in
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LINGUAL SURFACE

Normal Growth. Measurement sites on the lingual
surface were located, one each, in the following mandibul-ar

cross-sections: Post Symphyseal Region (Site 5), First,
Molar Region (site 13), Third Molar Region (site 20) , and the

Retromolar Region (Site 251. The amount of normal growth

increased gradually (in accordance with increasing thickness

of the mandibular body) from anterior to posterior along the

lingual surface. In the Retromolar Region (Site 25) a
dramatic 2Þz fold increase over apposition at site 5 occurred

which was necessary to convert the thin angular process into
the body of the mandible during the process of area rel-ocation.

A finding common to all four sites was the greater

amount of total growth of the normal group which was signi-
ficantly more than that of the extraction and masseterectomy

groups. The sham group registered its greatest retardation
at Site 5 (Figure 25\.

Experimental Patterns

The patterns of reaction illustrated by the growth

curves of the experimental groups were similar for Sites

5, 13 and 20. The amounts of bone apposition, however,

varied in accordance with the anteroposterior location of
the site as noted for normal growth. Site 20 demonstrates

the main features of th-e.se. reaction patterns (Figure 2BI .



400-

350-

300 - .../'tr;

DAYsI

of Sham Group

EÐNE GROWTH
l¡V nnlCRONs

.rE NORA'I

i ':TA ,1.'' l¿iå gs t0É lol3b 4'o 1 sb ó0 70

/
at

/
,,

AB C Þ
STAIN IINE INTERVATS

Figure 25. Cumulative
at Mandible Sites 5, 13 and

E

(rlnnE tN
Bone Apposition
20.

87"

a



400

350

300

BB.

raraaat.a¡aaa¡aarraaata

¡ r a ! t' a I

EEEEEEEB-

t-t-o,,t-t-
a|t.ljtJSta

BONE GROWTH
IN M¡CROA{S

FgORM
fiñAsR
MASL
EXTR
EXTt

)t'tttt-t'

a

| /.r
oå

c
I
A

g'i
FI
ED

STAIN LINE

Figure 26.

(rlnnE tN

Bone Apposition

ó0 70
F

DAYs I

at Mandible Site 5.

50
ls

tÐ
É-

4030

RVALS

Iative

r\
I
Ð

TE

mu

20

til¡

Cu



400-

3s0

300

BONE GFTOWTH
tN añtcEtosüs

rol 20
c

TAIN tINE

Figure 27.

89.

NORM
f{tA5R
añAs!.
EXTR
EXT[ --EE@-EE-

ó0 70

(rrnnE ¡N DAysl

Apposition at Mandible Site 13.

i¡aa.¡rataaaaaa¡!¡!¡aaa

ll¡¡tat

50
,t.\

å

E

4030Ës

B
5

A
{\
ü

D
IÌ.JTERVAtS

Cumulative Bone



a.::::.: , .

400

350

300

90.

//a,///a
BOTSE GROWTH
rN nñ tc gì'o FJ 5

t!NE

////,./.r'//.l.I

/I

.N
.lI'l

I
a

a

NORM
MASR
MASt
EXTR
EXTt

!tt¡!tt

-rErE-EE-

30

RVALS

lt

I
D

TE

20

IN

I ¡'r
oü

c
N

å, y'rl

ulis
Ã,8

5TA¡
E

(r¡mE IN DAYsI

Fi-gure 28. cumulative Bone Apposition at Mandible site zo



91.

TABLE VI

INCREMENTS OF BONE APPOSITION AT THE LINGUAL SURFACE

MEANS AND STANDARD ERRORS IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MBAN SE
EF

MEAN SE TOTAL

MANDIBLE STTE 5

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

3t
I1
15
19
23
I7
L6

3I
9

74
30
27
28
29

39
16
22
4I
34
34
32

82
36
37
42
5t
4B
48

I
I
2
I
3
2
2

I
I
I
2
2
2
2

36 2
204
30 4
232
274
B2

19 .i

393
292
3s4
322
344
L73
31 3

50 3
454
60 6
465
48s
2L4
352

118 9
759
9t 16
95 2r
85 16
376
394

I7T 15
113 12
99 15

158 24
lsl 19
11r 13
lls L2

794
345
58 7
599
486
426
525

93 5
88 5
93 7
899
81 7
84 4
92 13

tr4 7
739

100 6
848
79 10
669

I2O L2

133 t5
163 L7
L64 22
119 16
L23 19
115 11
867

454
193
2L6
489
429
227
247

665
40 10
38 10
81 6
729
473
597

74 5
37 11
46 t0
72 10
729
53 7
476

l-46 19
61 7
71 1I

LzB 16
141 19
86 13
5s7

694
276
454
44 6
474
396
485

MANDIBLE SITE 13

835
5t 4
595
696
61 6
522
727

260
111
169
193
187
L28
159

3L2
2L7
239
301
275
228
283

359
2L8
288
319
306
2I0
299

650
448
462
542
551
387
343

MANDIBLE SITE 20

1
1
3
4
2
2
2

6
4

6
6
5
6
I

824
475
60 4
76 10
736
364
657

MANDTBLE SITE 25
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rn each instance the curves of the operated sides of the

masseterectomy and extractÌon groups showed the slowest
rate of apposition (p =.01), and there v¡ere no sÌgnificant
differences between these two sides after the second

interval (BC). The latter finding also applied when the

unoperated sides of the extraction and masseterectomy

groups were compared. The varying initial responses of
these two groups (a marked initial rate d.ecrease in the
masseterectomy group and a delayed decrease in the extrac-
.tton rate) accounted for their differences during the AB and

BC intervals (p = .01). Such comparative behavior of the
growth. curves was a Ëinaing common to many of the sites
investigated. 

.
The differences between left and right sides were

highly significant (P<.01) for both the extraction and.

masseterectomy groups, but the sham group demonstrated no

great discrepancies between sides. The side differences
are an expression of the coordinated remodelling activity
that influenced the observations reported for sites 2 and

3, as well as those of the lingual surface rates. T.he

nature of these remodelling changes will be a topic pursued

in the discussion.

The growth curve pattern for Site 25, the lingual
surface in the Retromolar Region, did not share the common

f eatures of the otlr-er lingual sites, rath-er it was a good
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example of the general reactive tendencles of each experi-

mental group (figure 29) . A1I experimental grouPs gre\^t

slower than normal (p = .05 for masseterectomy and. P = .01

for extraction group). The sham group was least affected

while the extraction group rates v¡ere most retarded. There

v¡ere no significant differences between growth increments

for sides in any group.



95.

MI\SStrTER MUSCLE ATTACITMENTS

One of the more dramatic fìndings of the linear
analysis was recorded for sites located along the masseteric

ridge on the buccal surface of the mandible. The ridge
itself served as an area of direct fibrous union of muscle

and bone (tendon insertion). Bone growth was measured at
sites 16 and 22 in the First Molar and Third Molar Regions,

respectively. The area of the buccal surface superior to
the masseteric ridge also rendered a type of attachment

for the masseter muscle. However, attachment at Sites L7

and 23 was mediated by the periosteum and did not involve

direct fibrous union via Sharpey's fibers. The pattern of
growth curves for the varj-ous experimental groups was

similar (Figures 30, 31, 32 and 33) for both types of
junction with exceptions noted for the unoperated side

of the masseterectomy group.

Masseterectomy. The most important response was

that of greatly increased growth of the operated side of

the masseterectomy group. The curve of apposition did not

reflect the usual biphasic pattern. Instead the "normal"

shaped curve was achieved which was characterized by gra-

duaIly decreasing increments of growth throughout the

experimental period. The growth rate of the operated side

was faster than normal at al-l except the EF intervals at

the masseteric ridge sites. Site 16 showed this decline
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ÏNCREMENTS OF

MEANS

TABLE VII
BONE APPOSITION AT

AND STANDARD ERRORS

100.

MASSETER ATTACHMENTS

IN MTCRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEA}ü SE
EF

MEAN SE TOTAL

MANDIBLE SITE 16

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

53
63
23
4L
31
43
32

20
19
15
16
2L
11
14

I06
107

32
7B
96
82

100

16
11

9
T7
L2
2I
13

4
10

2
6
6
7
4

665
L25 2L
469
437
366
354
293

202
51 9
242
L72
21 3
62
92

L52 11
232 13
184 L4
93 L2

lOB 14
48 4
625

232
325
222
21 5
2L3
82

L43

106 9
L46 T7
699
99 19
84 16
728
78 10

MANDIBLE SITE I7

118 L2
l.32 18
r29 19
114 16
89 13
6t 11
68 5

364
59 6
567
394
375
134
234

262 17
362 38
306 45
309 36
328 43
158 15
167 13

526
B0 14
629
71 10
58 5
31 4
53 4

87
50
39
83
73
34
36

9 430
6 516
9 306

L2 380
L4 313
5 245
4 243

NORM
MASR
MASL
SHAR
SHAI
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

2
5
4
I
3
2
2

1
2
I
3
3
2
2

202
58 11
347
33 6
33 4
164
226

MANDTBLE STTE 22

29 4 L25
40 9 227
26 5 155
36 7 LAL
43 7 L55
L2 3 58
15483

170 17 87 4
126 28 1015
61 13 707

I97 25 918
202 25 1016
48 8 482
58 10 579

50 4 L77
31 5 204
24 6 151
53 7 2I2
48 6 189
26 5 118
29 5 153

6
14

2
7
9
9
9

184 L2
188 2L
r24 15
24L 31
282 42
T46 14
L92 18

MANDTBLE STTE 23

362
50 5
34 5
s0 10
506
329
44 5
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significant at the I per cent lever of confidence. The

total amount of apposition was signìficantty greater at
the 1 per cent lever at sites L6, 17 and 22 and at the

5 per cent level at Site 23. Examination of Table Vll
showing the mean linear values, reveals that the propor-
tional increase in apposìtion was similar in the First Molar

Region and in the Third Molar Region. It was of interest
to note th-at the masseteric ridge \^ias more pronounced j-n

¡þs Third Mo1ar Region of the gross specimen.

An accompanying observation concerning apposition
of the operated side of the masseterectomy animals was that
a drastic ôhange in growth direction occurred. Such a

finding was rare and limited to the masseteric ridge sites.
The growth direction altered from lateral (buccal) progres-

sion to a definite inferior course. The coordinate analysís
polygons shown in Figure 34 demonstrate this important

feature. The net effect of the alterations in rate and

direction of bone apposition was the gradual obliteration
of the masseteric ridge. There was no evidence of bone

resorption on the.buccal surface

By contrast, the unoperated sÌde of the masseterectomy

group showed less growth than normal at the masseteric ridge
sites and a growth rate either slightly above or approximately

normal at the buccal surface sites. There was no alteration
in the direction of bone apposition and the definition of
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the masseteric ridge was nraintained.

At the four sites measured, the unoperated side

grew less than normal during the AB interval and exceeded

the normal rate in the BC interval in accordance with its
usual pattern. However, during the CD interval, these

sites responded with a faster than normal rate at the

periosteal attachment sites (not significant) and the

more usual slower rate (p = .05) at the masseteric ridge

sites. The unoperated side gre!ü faster than normal at all
four sites during the DE intervals, but reached a greater

than normal amount of bone thickness only at Site L7

(p = .01). The EF interval was marked by the usual decline

in masseterectomy rate (p = .01 at Sites L6, 22 and 23).

The overall curves still reflected the basic biphasic

pattern for the unoperated side.

The side differences in growth rate for the

masseterectomy group were more pronounced at the masseteric

ridge sites and generally exhibited a high significance
(p<<.01). The side differences at Sites L7 and 23 were

significant at the 
.1 

per cent level only for the BC and CD

intervals, respectively.

Sham. The growLh curves of the sham group did not

reflect the response shown by the masseterectomy group.

However, the sham operated sìde did grow more than the

unoperated side at Sìte 16 and thls dìfference was sìgnificant
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(p = .OS) during the AB interval. Such- an acceleration
may be interpreted as a healing response. The total
apposition for the sham group at site 16 was less than

normal. After an initiar retardation, the deposition rates
for both sides of the sham group were more than normar at
Site 22. The difference was significant (p = .01) for the

left. side during the cD interval. The rate differential
between sides for the cD interval was also statistically
significant (p = .05). Thls pattern was the reverse of
that observed for the masseterectomy group at Site 22.

The periosteal attachment sites (L7 and 23) showed

no significant differences between normal and sham bone

apposition increments .

Extraction. The general comparison of extraction
group growth rates with normal revealed decreased apposition
'at all four sites. The amount of bone growth was the reast
of all the groups studied although the difference was not
significant when comparison v/as made to the unoperated side

of the masseterectomy group at sites L6 and 23. No signi-
ficant side differences were noted at site 16. The remaining

indicated slower growth of the operated. side which was very

significant (P<<.01) for the AB, Bc and cD intervals at,

site 22 and the DE interval at site 23. The DE intervar at
Site L7 also demonstrated the sicle difference (p = .051 .
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BUCCAL SURFACN - RAMUS BEGTON

An alteration ìn the depositional pattern. possibly
as a response to lateral repositioning of the mandible

resultìng from unbalanced muscle pu1l, was noted upon

examining growth at sites 28 and 29. These sites were areas

of periosteal attachment of the masseter muscle to the

buccal surface of the mandible in the Ramus Region. The

normal apposition amounts of these sites were quite similar
arthough site 28 demonstrated a quicker deceleration and

consequently slight.ly less total growth (nigures 35 and 36).

Extraction. The extraction group curves also showed

similar behavior between these sites. The extraction group

grew less than normal during all intervals at both sites,
These differences were more often significant at the I per

cent 1evel at Site 29. Such a finding of significant
decrease throughout the experimental period did not represent

the usuar result which indicated significant differences
only as a result of the surgical intervention at the begin-

ning of the experiment and then again in the last third. of
the study period. The greater side differences found. at
Site 29 were significant during the EF interval as the

operated side continued a faster growth rate. Amounts of

total bone apposition were only slightly l-ess at Site 29

for the extraction group"
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TABLB VITI
INCREI{ENTS OF BONE APPOSITION AT

OF THE RAMUS

MEAATS AI.TD STANDARD ERRORS

THE BUCCAL SURFACE

IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEA}T SE
DE

MEAN SE
EF

MEAN SE TOTAL

MAI\DTBLE STTE 27

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

51 3
13 2
17, 1
497
38 4
33 5
325

554
222
255
368
38 5
293
396

4L3
100
162
224
238
L76
197

766
233
65 12
497
496
294
31 s

666
104 B

73 L4
479
sl 9
47 10
324

59s
38 9
273
50 10
63 22
B4

L94

118 9
85 10

r49 20
l-32 18
L40 20
113 13
114 11

929
130 15
L23 15
93 13

110 2L
64 10
58 6

93
2I
60

13r
L44

7L
7B

89 8
357
367
599
60 9
38 4
38 6

111 I
4L9
45 12
73 10
29 16
668
397

100 I
447
599

110 16
116 18
86 10
92 11

MANDIBLE STTE 28

10
1

L4
16
13
I

10

438
186
350
47r
487
332
347

83 I0
728
61 11

111 23
111 18
638
69 10

MANDTBLE STTE 29

385
363
318
346
370
24L
236

411
272
228
305
380
2L7
191

85
BO

36
76
B7
49
45

115
103
r04

B4
L2B

77
69

6
L2
16
L2
19
10
I

I
18

5
I2
27
T2
10
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Muscle surgery. Both sharn and masseterectomy groups

approximated overall norrnal growth at Site Zg. Ferìods of
significant differences from normal occurred ìn accordance

with the usual accelerations and decelerations. The side
difference in the masseterectomy group for site 2B was

extabi-ished during the BC interval Ìn which the right side
showed the fastest growth of all groups (p = .01) and was

significantly faster than the left sid.e at the 5 per cent

level of confidence. This increased growth response of the

operated side was also observed at other sites where the
masseter muscl-e had been removed. At site 29, this side
difference was most marked during the cD interval (p = .05) "

The sham group behaved differently and showed no

side differences at site 28. At site 29, the side difference
was marked during the DE interval (p = .05) but the unoperated

side was growing faster than the operated side. The dif-
ferences between the operated sides of the masseterectomy

and sham groups were significant for BC and AE intervars at
Site 28, but not for Site 29.

At Site 28, the masseterectomy group adhered more

closely to normal amounts of totar bone apposition whire

at site 29, the disparity approached half of totar normal

growth. That is, growth was proportionately greater aÈ

the more superior site and consequently, the overarr shape

of this cross-section showed a greater buccal convexity in
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the masseterectony group. The importance of tfuis growth

pattern alteration will be clarìfied in the discussion

sectìon.

BUCCAL SURFACE - RETROMOLAR REGTON

The linear analysis of bone apposition at site 27,

located near the inferior border, \{as characterized by the

usual growth patterns for all groups except the operated
side of the masseterectomy group (nigure 37). This side
did not d.emonstrate its usual increase in apposition rate
during the BC interval. on the contrary, there was a marked

retardation in growth statistically significant at arl;
except the DE intervals at the 1 per cent level of confidence.
such a dramatic departure from expected behavior indicated
a specific response to removal of the masseter muscle.
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UNALTERED MUSCLE ATTACIIMENTS

There were two sìtes studùed in the mandìbIe that
served as attachments for the digastric muscle (suprahyoid

group) and the temporalis muscle. These \¡/ere sites 6 and

24, respectively, and their growth curves are presented in
Figure 38. A distinctive pattern of group interactions
was depicted for site 6. During the AB interval, all experi-
mental groups grew much slower than normal (p = .01). The

unoperated side of the masseterectomy group demonstrated. its
usual "catch up" phase during the Bc interval (p = .01), but
the operated sid.e acceleration managed only to equal the
normar growth rate. This finding was in contrast to observa-
tions made at altered muscle attachment sites.

Rate decreases for the sham group were significant
for the right side (P = .05) during the BC interval and more

so for the extraction group (p = .01). The extraction group

did not demonstrate any significant side differences. The

cD interval showed the common finding of an acceleration of
the sham group rate (p = .05) that was maintained through

the DE interval. The sham group rates r^¡ere simirar to those

of the normal group during the EF period.

The DE interval was a recovery period for the masseter-
ectomy group. The left side's increase was significant at
the I per cent level. The extraction group, however, showed

a non-significant decrease frorn normal. Both. masseterectomy
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TABLE TX

INCREMENTS OF BONE APPOSITION AT UNÄ,LTERND MUSCLE ATTACI]¡{.ENTS

MEANS AND STA}üDARD ERRORS IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAAI SE
DE

[4EAN SE
EF

MEAN SE TOTAL

MANDTBLE STTE 6

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

150
46
51
BO

B6
7L
99

BB
20
13
50
40

75

B

7
5

11
10
28
l_5

I47
12B
203
108
L40
53
67

134
63
48

150 *
135

40

B

1B
12,
19
19
1B
11

249
292
382
307
342
207
L96

15
36
35
40
46
58
20

975
726
893

1018
1048
611
676

189 9
T4I 18
L62 18
260 39
257 3B
L66 47
168 15

240 18
119 2L
95 16

263 47
223 42
LIA 53
146 23

NORM
MASR
MASL
SIIAR
SHAL
EXTR
EXTL

11
11

3
0

:

5
I
3
0
0

0

MANDTBLE STTE 24

L96 19
76 18
97 13

195 105
l-78 98
150 0
185 0

264
lBB
l-94
204
l-94
2IB
203

I7
TB
28
25
L6
2I
26

24I 12
63 9
66 12

195 20
I87 29
164 L4
165 22
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and extraction groups experienced a severe rate decllne

during the EF 'period (p F .OIl . In overall growth, there

was no significant difference between the operated side of
the masseterectomy group and the extraction group values.

' From the observation that the operated side of the

masseterectomy and bot-tr sides of the extractìon group showed

less net growth than normal, it may be concluded that there
\Á¡as no evidence to support the idea of growth stimulation
occurring in response to an increase of functional demand

at this unaffected site of muscle attachment.

The temporalis muscle attachment (Site 24) presented

stil1 other modes of adaptation. There \dere no side

differences of significance. The site was subject to
resorption from the incisor sockeL surface and only intervals
DE and EF were represented by sufficient values for comparison.

During the DE interval, the masseterectomy group and

the unoperated side of the sham group showed significant
decrease from the normal growth rate (p = .05). The other
experimental groups also grew less than normal, but the

disparity was not significant. Both extraction and masset-

erectomy groups grew significantly less than normal, at the

1 per cent level of confidence. The sham group also displayed

a slower growth rate but only that of the left side was

significantly different from normal (P = .05). In addition,
it was observed that the masseterectomy group had shown the

least deposition during the EF interval (p = .0I).
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INFERIOR BORDER

The nature of the remodelling changes used to achìeve
relocation corrections of inferior border morphology r¡¿ere

clarified by comparison of apposition rates at sites 14, zr, 26

and 30 (Fiqs. 39-43) - Normar growth consisted of a progres-
sive decline in bone apposition from the First Mo1ar, to the
Third Molar, to the Retromolar Regions; and an increase in
lhe Ramus Region rate to the values of the First Molar Region.
At no point along the external cortex of the inferior border
\{as there evÌdence of bone resorptÌon. A disruption of the
normal intersite growth relationships occurred. among the
experimental groups.

Masseterectomy Group

All sites demonstrEted the alternating periods of
more rapid and slower than normal bone depositiôn which was

characteristic of masseterectomy group findings. Although
the total amount of growth was less than normal at al1 inferior
border sites, only site 26 grew sl-ower during the entire
experimental period. side differences were significant only
for the EF interval (p = .05) favoring the operated.side, fn
contrast, the other sites (anterior and posterior to the
antegonial noteh) shared a comnon finding of faster than
normar rates during the Bc and DE intervals and srower rates
during the AB, cD and EF Ìntervars. The sÌgnlficance of
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these alterations varied srightly from site to site
(rab1e X) .

The more pronounced rate decline of the operated

side at sites 2r and 30 was not found at sÌte L4. These

rate differences between sides became smaller as the

experimental period progressed. The growth differences
between left and right sides observed at sites 2L, 26 and

30 account for the alteration seen in the curvature of the
antegonial notch area of the gross specimen.

Extraction Group

The extraction group demonstrated the smallest
increments of bone apposition at each site along the

inferior border. At site 26, the rate pattern was the same

as that of the masseterectomy groupi an early greater d.eclíne

of growth on the operated side followed by a greater rate
of growth for this side during the DE and EF intervars,
which almost reached statistical significance. The overall
discrepancy between sides \,vas not large at the other
inferior border sites in accordance with the minimal

alterations occurring in the antegonial notch morphology.

However, the left side grew faster than the right during
the cD interval- at site 2r (p = .05) to compensate for an

earlier rate deficiency.
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TABLE X

INCREMENTS OF BONE APPOSITTON AT THE

MEANS AND STANDARD ERRORS TN

r23.

INFERIOR BORDER

MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

BO

27
I7
79
7L
79
68

5
3
3

10
7
7
5

78 4
110 12
118 13
85 12
B0 10
438
445

52 L7
78 9

103 28
94 9

109 13
406
38 4

s75
4L8
467
285
2L4
21 3
224

95 7
65 45
70 26
60 24
60 33
200

MÄNDIBLE SITE L4

L73 T2
252 18
256 27
2T6 2T
229 26
l-66 I
155 10

T26 12
131 13
110 16
164 22
153 28
IL7 12
724 6

MANDTBLE SITE 2L

186 15
60 12
83 15

160 4L
202 35
I2O 12
I24 12

643
s80
584
704
735
525
51s

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

B6
32
48
60
68
74
48

6
2

2B
4
B

15
I

108 22
I27 L7
133 16
TAL 16
729 13
92 13

138 11

MANDIBLE SITE 26

139 24
T69 17
185 2L
]-48 19
r49 13
TI2 10
lOB B

I28 I
119 13
92 14
82B
97 L7
66 18
478

I77 18
2L3 26
250 37
126 20
138 23
156 28
r44 19

146 34
85 15
80 15

161 19
156 19
116 t2
r24 I

116 10
529
285
83 5
84 14
56 L2
31 I

775 23
56 13
76 17

116 24
TT2 19
98 19
88 22

s31
49l-
549
604
611
434
456

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

39
23
30
24
18
23
22

2
5
2
4
3
4
4

86B
435
5s 6
72 17
67 15
53 tl
63 I

MANDIBLE STTE 30

426
278
25I
289
287
219
185

623
46L
534
423
438
364

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

60
32
25
35
25
30

9
9
5
3
6
0

r22 11
95 25

113 48
96 36

103 56
60 0

I25 25
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Sham Group

The increment curves of th.e sham group do not
reflect the "arternating" nature of the masseterectomy

curves rather they approximate the normal curvature. A

greater decline in the unoperated side rate during the Bc

interval (p = .05) at Site 26 w.as the only side discrepancy

noted. The order of sites accordlng to total bone apposi-
tion was altered from normal. site 30 did noL show an

apposition total armost equal to site 14, but rather was

intermediate in rank between Site 2I and Site 26.

A most interesting finding was the increase over

normal of bone additions at sites 14 and 2r, resulting
from faster rates in the early stages of the experimental
period. In contrast, the early rates at Sites 30 and 26

were much slower than normal (p = .01).

Group Comparison

The general relationship of group growth curves for
inferior border sites is demonstrated by those of site 14

in Figure 39. Due to rate increases during the cD and DE

intervals, the sham group attained a larger than normal

amount of bone growth. The alternating rate reductions

and accelerations caused the curve of the masseterectomy

group to cross the normar curve during the DE and EF inter-
vals, The extraction curve stayed bel-ow the normal through-
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out the entire experimental period and exh-ibited the least

amount. of total apposìtìon of all ttr-e groups. The dLf ferences

in rates between sides were not pronounced

' The pattern at Site 21 was similar to that described

for Site J-4. At Site 26, the same relationships held amongst

experimental groups although side differences \dere signifi-

cant, but the normal group demonstrated more than L/3 greater

total apposition. This ffiây, in part, be due to the cross-

sectional sample used to determine the normal growth curve

for this site. Comments on the effect of anteroposterior

translation and relocation with age are to be found in the

d.iscussion. A slightly greater reduction in total growth

at Site 30 was registered for the experimental groups than

might be expected from observation of the curve pattern of

Site L4. The influences prompting greater than normal growth

do not appear to be operative at Site 30. However, during

the DE interval, the masseterectomy group underwent a dramatic

growth spurt so that the left side value reached the amount

of normal apposition. There was a significant difference

between sides and al-though the operated side also reflected

this "spurt", it gre\^r much less (p = .01) than the unoperated

side in both DE and EF inLervals.
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ALVEOLAR PROCESS

The functional alterations were expected to produce

abnormal rates of molar tooth eruption. The rate of
apposition at the gingival border of the alveolar process

gave an indication of the eruptive activity of the teeth.
sites L2,18, and 19 are the lingual and buccal alveolar
processes adjacent to the first molar; and the lingual
arveolar process of the third mo1ar, respectively. The

growth curve pattern for each group was consistent through-

out these three sites. site L9 il-lustrates these patterns
in Figure 44. The operated side of the extraction group

showed a dramatic increase in alveolar bone deposition;
significant at P = .01, while its unoperated side was not
significantly different than normal in apposition rate.
The difference between sides was highly significant
(P <.01 at all intervals.

rn contrast, the masseterectomy curves demonstrated

no large differences between sides and a generalized growth

retardation significant at p = .01. The sham and normal

curves were quite similar.
The total amount of normal growth ranged from least

at the buccar of the first molar to more at the linguar of
the third morar to most at the linguat of the first morar.

At each site arl curves showed an early period of rapid
deposition and a later decline in rate.



TéOO

r400

r200.

BOIUE GROWTH
It\¡ MICRONS

I27.

EXTR
EXTt .ÉECETEE-

| ¡t
t0[

c
NTAI

ft¡
Ës
EE
ÁJ

5

A
zo f 3'o 40

Ð
LINE INTERVA[5 DAYSI

50

IN

'1\

Ë
F
E

ñ^E(rr

Fiqure 44. Cumulative Bone Growth at Mandible Site 19.



tó00

r400

ræo -

T2B 
"

,{r""t . . ., r." 
I .' 

""' ""' 

: "':' "' 
.'''' .' "' ] .'' .' "

i "j""-
,' .1.""

BONE GROWTH
tN ffitcRoNs

STAIN tINE

rigure 45.

/ 
,f ',.':u"

13.'t"'
¿{/' mASL.. . r ¡ . . ,

.a
,- EXTR' il--r.-"rr'..'l'!

EXTL ñEE-EEr--

'r{

F
403020

| lt
10!
flQa

ßs

E

ô
!
A

¡r
I
Ð

INTERVALS

Cumulative

rrr It50
E

(rlnnE tN DAysl

Bone Growth at Mandible Site IZ,



:Ë

,*,H

I29.

a¡¡¡¡!

EGTã-GEEE.

'r000-

200-

BOFüE GT{OWTH

Hs

B
5T,qIN tIhJE

F{OR,M
MA5
5HAftT
EXT

30

RVAt S

¡\
ü

D
TE

20

IN

F
CuA

¿io ''f sb
E

(r¡¡nE tN DAYsI

tN &{tcRordS

Figure 46. Cumulative Bone Growth at Mandible Site 18.



TABLE XT

INCR.BMENTS OF BONE APPOSITION AT THE

MEANS AND STANDARD ERRORS TN

130.

ALVEOLAR PROCESS

MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAI

MANDIBLE SITE T2

NORM
MJ\SR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

I54 6
118 20
89 L4

136 L4
L37 9
I7O T4
I42 11

TI7 6
368
38 7

1oo 19
76 10
83 22
98 13

103 6
33 10
276
69 10
59 11

23I 18
T69 12

2I7 L4
I7L 19
184 T2
l-94 16
188 17
zLB 42
116 5

370 23
258 43
265 38
3s1 42
34L 4T
406 99
398 93

26L 15
225 36
220 32
329 4L
342 55
490 L22
326 98

339 L4
244 2L
249 29
3I4 25
313 20
358 3s
248 16

437 25
99 22

119 4L
408 78
318 89
262 50
222 46

r420
BL2
852

I426
l-296
l-324
LL24

242 19
166 24
195 10
337 44
3L2 35
268 59
246 40

MANDTBLE SITE 18

159 12
111 16
LLz 19
l-67 19
140 19
r73 s5
68 11

202 15
145 18
I52 26
199 22
196 18
319 28
154 14

zLL L4
161 16
L74 L7
28L 26
278 19
429 26
243 18

238 25
154 23
I27 T4
28L 32
242 20
325 97
226 2I

MANDÏBLE STTE 19

269 22 1044
t49 24 675
115 18 6L2
225 18 1102
236 36 1036
164 48 L235
226 30 944

280 10 1135
58 14 64L
BB 20 690

2IB 22 1081
204 20 1050
302 L7 1639
L7L 14 9 85

NORM
MASR
MASL
STIAR
SHAL
EXTR
EXTL
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DENTIN FORYATION

It was expected that alteration of the masticatory

abilities would produce changes in tooth eruption rates and

possibly tooth formation as well. Dentin formation \Â¡as

measured in the first mandibular molar at the lingual cusp

tip (Site 10) and cervical margin (Site 11). The d.eposition

increment curves for these sites are illustrated in Figures

47 and 48. The amount of dentin formation was seen to be

greater at the cusp tip but the interrelationships between

groups was similar for both sites. The curve configurations
were distinctly different from the usual skeletal growth

patterns. The masseterectomy curve did not manifest a

biphasic pattern and all curves demonstrated linear growth

in the early periods with an abrupt rate decline occurring

during the EF period. The rate decline was especially
marked for the extraction group. To assess the importance

of the age differential, between extraction and normal

animals, in relation to the finding of least dentin formation

in the extraction group Figure 49 is presented. This is a

composite graph of normal and extraction curves for both

sites. The extraction curves have been adjusted to eliminate

the six day age difference. It can be readily ascertained

that the significance of the decline in dentin formation \,ras

not due to the age variation.
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TABLE XII

INCREMENTS OF DENTIN APPOSITION IN TTIE FIRST MOLAR

MEANS AND STA}ìDARD ERRORS IN MICRONS

'ABBC
GROUP MEAN SE MEAN SE

CD
¡4EAN SE

DE
T4EAN SE

EF
IVIEAN SE TOTAL

MANDIBLE SITE 10

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASL
MASR
SHAR
SHAL
EXTR
EXTL

55
25
32
44
40
39
30

36
2L
27
2B
28
28
29

4
2
4
5
4
B

3

796
666
77 11
695
55 7
478
33 4

524
50 3
435
44 3
444
342
274

82
67
47
97
79
73
69

57
46
60
66
65
55
55

0
11
I2
13

5
0
4

5
6
4
6

11
T7

9

0
7
7

L2
l0

4
3

87 12
969
779
83 14
71 13
158
27 11

7s7
76 6
726
56 10
617
26 .7
437

50
29
20
.22
15

0
I

40
15
L7
23
24

4
6

380
327
283
358
300
2L5
198

278
229
249
25L
253
L67
183

MANDIBLE SITE 11

2
1
3
3
3
3
4

5
4
9
6
7
4
5
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significant side dif,ferences were determined at
site 10. The unoperated side of th-e masseterectomy group

showed l-ess dentin formation during the cD interval (p = .ol)
The sham and extraction groups manifested the same decline
during the BC interval (p = .05). Overall assessment

revealed more dentin formation on the operated side at
site 10 and the opposite sit.uation at site 11 for all_

experimental groups. These net side differences, however,

were not statistically significant.
unílateral extraction of the maxillary morars was

therefore associated with markedly less dentin formation
in the mandibular first molars of both sites. rt would
seem that such adjustments in dentin formation are mediated
by mechanisms which act birateralry, although the side
differences that have been mentioned suggest a capibility
of sophisticated individual adjustments dependent on rocal
factors such as occlusion or non-occlusion and the direction
of applied stress.
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BUCCAL SURFACE

Three sites in the Post Symphyseal Regìon \^¡ere

located on the buccal surface of the mandible (nigure 50).

They are numbered 7, B and 9 progressing from the inferior
to the superior position. This progression was associated

with decreasing amounts of bone growth as seen in comparison

of values in Table XIIf. Vertical development occurred

more rapidly than growth in width in the post Symphyseal

Region. The relationship also held true for Sites 14, 15

and 17 in the First. Molar Region which were analogous in
position with Sites 7 | B and 9, respectively.

The parallel pattern of stain lines and the limited
amount of shape alteration (vertical development) with age

of the Post Symphyseal Region indicated that this region

\,vas undergoing the least amount of anteroposterior relocation
of al-I the mandibular regions studied. It was interesting
to note that this region was cut in the area of the mental

foramen. The comparative findings that height gain was

progressing more rapidly than the increase in width would

reflect the mode of. enlargement of the cross-section of
the lower incisor. The lower incisor occupied the major

portion of this region and was like1y a dominant factor in
the determination of its mode of development.

Results for Site 7 serve.d to assess the rate of
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TABLB XIII
INCR.EMBNTS OF BONE APPOSITION AT THE

MEANS AND STA}üDARD ERRORS IN

BUCCAL SURFACE

MÏCRONS

GROUP
AB

MEAN SE
BC

MEA}ü SE
CD

MBAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

MANDTBLE STTE 7

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

L23 11

593
31 3
253
s3 4
4L2
4l-3
483

302
223
234
33 3
303
174
182

573
203
172
53 4
51 4
36 3
4L5

:n ':
130 40
135 0s0g

726
73 7
94 6
709
53 5
38 5
495

363
33 6
38 5
434
345
103
162

ão;
:u:

728
116 12
100 9
191 42
I97 57
88 18

l-28 30

MANDTBLE SITE 8

204 16
276 18
277 24
243 26
258 31
L7s 25
L96 48

L62 10
16s 17
161 16
150 10
lsl 9
118 L2
I23 11

105 7
100 10
115 14
95 B

999
808
854

L22 I
I37 11
I43 12
I37 13
148 11
576
899

I75 42 B
I24 26
116 20
L72 23 796
195 23 850
T52 3B
139 24

NORM
MASR
[4ASL
SHAR
SHAL
EXTR
EXTL

110 5
898
896

111 13
115 8
105 L2
l-02 10

MANDIBLE STTE 9

141 I
67 13
79 16

151 11
148 23
104 15
100 I

544
425
448
535
508
406
422

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

63 5
576
485
7r 11
677
54 11
65 3

MANDIBLE STTE 15

114 I
4L 11
57 74
75 12

100 15
759
7L7

348
253
2BL
317
330
236
255

NORM
MASR
MASL
SHAR
SHAL
BXTR
EXTL

7L6
105 5
101 9
60 4
56 3
13 3
284

92
76
BO

r07
IL4

39
6B

6
4
5

T2
9
3
5

109 10
68 11
65 15

140 15
131 11
63 6
61 6

45I
406
406
497
s00
208
287
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inferior drift of the lower Ìnclsor. The inltial stain
lines had been resorbed by tlr-e end of tFre experimental

period so that only the CD, DE and EF intervals were available
for comparisons. All experimental groups manifested more

,.!han normal apposition during the cD intervar. The increase

was significant only for the sham group (p = .01), but was

continued into the DE interval by the masseterectomy group

(p = .05). No significant differences were recorded during

the EF interval although the normal group demonstrated the

most apposition. Net growth of the extraction group was

close to normal for these intervals. The single side differ-
ence \^¡as recorded for the slower growing operated side of
the sham group during the EF interval (p = .01). ït would

seem that the muscle surgery groups experienced greater

inferior drift (eruption) of the lower incisor. However,

these findings may have occurred as compensation for extreme

retardation of incisor development in the earlier intervals
since inspection of the gross specimens revealed a reduction

in incisor size and development (amount of curvature) in the

masseterectomy group

Site B growth curves illustrated the common alterated
growth patterns for each group and did not seem subject to
unique influence. The normal signÌficant intervars were

observed. trarly retardations, found in all experimental

groups, would indicate a slmìlar hìstory for the neighboring
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Site 7. Significant side differences added further support
to the possibility of an immediate effect on growth Ìn this
area for the sham and masseterectomy groups. The operated
side of the masseterectomy animars grew less in the Bc

interval (p <.05) - rn "olar.=a, trr" op.rated side of the
sham group gre'v more during AB and BC intervals (p<.0r and

P <.0s).

site 9 observations produced the same growth curve
configurations as those for Site g (Figure 50) although the
amount of apposition was consÌderably less.

Growth at site 15 in the First Morar Region was seen

to be affected by specific infruences in the case of the
extraction group. The operated side grew much l-ess than
normal throughout the entire experimental period (p = .01).
The unoperated side arso grew l-ess than normal but the degree

of significance of this finding was modified to the 5 per
cent lever during the cD and DE intervals. The side differ-
ences that occurred because of less growth of the operated
side were very significant (p<<.01) during the BC, CD and

DE intervals as wel1 as for the total growth.

The depressed growth rate was demonstrated only for
the extraction group and was siqnificantly different from
that of the masseterectomy and sham rates (p = .01). The

depression of extraction group growth- was a generalized



143.

finding at mosL sites located ìn the First Molar Region
and was thought to be directly related to the maxillary
molar extractions. The resultant alteratìon ìn functional
stress was likely a dominant factor Ìn the ',atrophic,,
condition of the mandibular sìtes.
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CRANIUM

The detailed patterns of accelerations and decelera-
tions in growth rate as compared t-o normal values throughout
the course of the experirnental period have been reported
for experimental groups in connection with growth at the
thirty sites in the mandÌble. rt was demonstrated that a

typical growth curve pattern existed for each group and

that these patterns were found at the rna.jority of sites
albeit the significance of their differences frorn norm.al

may vary som.ewha.t. such were the generalized findings.
sites of particular interest, such as the masseter muscl_e

attachments and the arveolar regions, demonstrated
specific arowth curve patterns that were interpreted to be

due to the particurar surgical intervention. The fifty-
eight sites studied in the rat cranium also reflected the
same type of growth curve patterns. since the individual
accelerations and decelerations that occur during certain
growth intervals have been demonstrated for the mandíble,
the findings reported for cranial growth sites will be

mainry concerned with the overall effect or net growth of
the groups at each site. rmportant increment deviations
will be presented in support of the assessments made of
the overall effect.
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DORSUM OF THE NASAL CAVITY

The rat, a long snouted mammal, experiences a large
component of anteroposterÌor growth of the nasal bone, both
by growth in the frontonasal suture and by endochondral bone

formation at the anterior end (schour and Massler, 1951;

cleaII, L968) . The study of growth in the coronal plane

also revealed substantial growth increments. The dorsal
surface of the nasal bones was appositional while the ventral
surface was resorpLive. sites 4 and 5 in the fncisor Region,

11 and 12 in the premaxirlary Region and 2L in the Malar
Process Region provided assessment of the dorsal drift of
the nasal bones.

More deposition \^ras recorded at the lateral sites (4

and 11) than at the medial sites (s and L2) as shown in
Table xrv. The proportional distinction of this finding was

much greater in the premaxillary Region. rn addition, the
amount of total growth was seen to increase from anterior to
posterior regions. These growth differences were in accor-
dance with the gross morphology of the regions in question
and the translation of the nasal bones that occurs with
growth (Baer, 1954) resutting in flattening of the dorsal
surface of the cranium with age as viewed from the lateral_
aspect (as well as in coronal section).
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TABLE XTV

INCREMENTS OF BONE APPOSITTON ON THE DORSUM OF THE NASAL CAVTTY

MEANS AND STANDÄ,RD ERRORS IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANIUM SITE 4

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

374
194
225
466
38 5
435
426

284
132
132
19 1
222
243
242

61 I
223
233
53 5
51 2
54 5
677

31 s
142
152
252
21 2
36 4
33 s

432
38 4
36 4
31 3
4L4
s0 I
324

323
23 I
264
232
223
20 I
18 I

74 5
93 9

103 10
59 5
679
485
557

423
3t 2
33 2
304
293
38 6
38 6

48s
393
30 6
73 5
71 6
73 13
65 4

CRANTUM SITE 5

855
677
65 7
94 9
BB 5
78 7
767

60 5
636
634
68 6
59 5
50 4
495

I25 7
164 9
782 20
779 12
17 3 l_5
131 7
119 3

104 6
113 10
104 10
L32 11
I29 11
I2I 13
101 I

73
34
45
64
63
54
60

286
l-97
198
308
301
298
275

7
6

I2
11
I2
11

6

NORM
MASR
MÄSL
SHAR
SHAL
EXTR
EXTL

34 3
253
242
565
56 6
38 4
426

CRANTUM STTE 11

59
49
46
59
59
49
52

131
76
59

134
119
111

9B

213
l-73
172
225
2LB
181
185

475
439
4s0
564
552
449
450

I
7
7
7
5
5
6

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
sHar,
EXTR
EXTL

845
84 7
83 10

139 L7
I42 20
105 11
111 13

CRANTUM SITE L2

13
15
T2

7
t0
l3

9

s3 5
39 5
37s
77 I
76 11
697
776

I02
59
65

127
122
104
L02

332
256
254
391
377
368
351

I
11
11
I4
T2

7
9

(Continued)
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TABLE XrV ICONTINUED)

AB BC CD DE EFGROUP MEAN SE MEAN SE MEAN SE MEAN SE ¡,IEAN SE TOTAL

CRå.I.TIUM SITE 2I
NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

31
16
I4
35
27
30
45

4
I
1

15
7
0
0

45
51
44
10
33
25
35

43
66
60
25
27
23
22

B

L2
40
13
11
10

9

5
1B
\2
20

0
0

15

B

11
9
4
3
4
2

64
66
B2
61
50
74
7T

CRANTUM SITE 26

99 13
57 10
497

101 23
97 2r

106 19
90 17

I22 B

131 25
153 18
96 14
94 7

109 L2
97 L2

155 10
I7B 18
180 18
141 24
158 2L
859
90 15

126 13
53 7
89 31

108 9
116 13
856
91 10

140 16
61 15
68 19

119 24
]Is 23
679
59 B

3BB
3L7
382
310
320
323
339

33
13
23
31
32
42
33

6
1
I
5
6
6
5

470
375
380
4l-7
429
323
294
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Experimental Groupå. The growth rate curves of the

experimental groups illustrated the usual configuratl.ons
(Figures 52 and 53). sham and extraction animals achieved

normal growth at site 4 due to an increased rate during the
CD interval (p = .05). The masseterectomy animals \,vere

most affected and their curves manifested the customary

relation to the normal. Growttr at site 5 also involved no

side differences. This important finding was conìmon to most

nasal cavity sites and discredited the possibirit.y of the
development of asymmetry by differential bone deposition.
The curve pattern shown for site 5 was a good example of the
modal configurations. The growth of masseterectomy and

extraction groups was equally reduced.

ïn contrast, the total growth of these groups was

in the range of normal at site 11 while the sham group spurted
during the CD and DE intervals (p = .01). The apparent
growth stimulation of the sham group midway through the

experimental period was an often repeated observation. Both

extraction and sham groups achieved more than normal apposi-
tion at site 12, although the increase was significant only
for the sham animals (p = .05 during CD and DE). The

masseterectomy group was subject to initial and final
decelerations (p = .01) and consequently grev\¡ less than all
other groups (P = .01).

From these observations on nasaf bone development,
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it was concl-uded that the respectùve surgical procedures

had littIe effect on growth of the extraction groupi

stimulated sham group apposition and effected a significant
decrease in deposition for the masseterectomy group.

only the operated side of the masseterectomy animals

evidenced a significanL growth difference at site zL. The

EF interval rate was less than normal (p = .01).
The frontal bone surface measured at site 26 repre-

sented the posterior end of the nasal capsule and was

located in the First Molar Region. The extraction demon-

strated a decrease in the total amount of apposition which

v\¡as due to an accentuation of the usual extraction curve

pattern. The BC interval decrease !,/as significant at the

5 per cent level and the DE and EF interval decreases were

significant at the 1 per cent lever. other sites in the

First Molar Region of the extraction group, that \,rere not

involved in healing accomodation, also showed the effect
of molar extraction on growth in this cross-section.
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NASAL CAVITY

when added to the dorsal surface findings, the array
of growth curves presented in Figures 34 to 58 presents the
diversity of apposition rates and group interactions that
could be found all in one coronal section; the Malar process

Region. These sites can be located as perìmeLer locations
in Figure 17. site B from the premaxilrary Region and site
24 from the First Mol-ar Region have also been included in
this classification. The occurrences at other sites in
these regions are described under more particular headings.

Site B, a palatal location, was subject to very
significant (p = .01) declines in bone apposition during
the AB and BC intervals for arr experimental groups. This
lessened rate continued to be significant during the cD and

EF intervals for the masseterectomy (the most affected)
group. No side differences of any account \¡¡ere demonstrable.

sites 14 and 15 showed more growth but were also
paratally located. They shared the pattern of early growth
depression with site B. The masseterectomy manifested the
identical behavior at sites B and ]t4. The most affected
group at site f5, however, were the extraction animals
(Table XV) . Notabl-e side differences (p = .01) were

recorded as the operated side grew much less than the

unoperated at both sites 14 and 15. unilateral molar
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TABLE XV

ÏNCR.EMENTS OF BONE APFOSITION AROUND TIIE NASAL CAVITY

MEANS AND STANDARD ERRORS IN MTCRONS

GROUP
AB

Y.IEAN SE
BC

MEAN SE
DE

MEAN SE
EF

¡4EAN SE

CD
MEAN SE TOTAL

CRANIUM SITE 8

NORM
MASR
MAS L
SHAR
SIIAI
EXTR
EXTL

31 3
10 1
91

122
132
204
20 1

s4 5
234
326
483
473
454
sl 6

252
184
223
22 I
262
132
L72

342
246
234
253
232
11 3
142

393
223
233
173
162
223
232

824
73 I
76 11
626
64 4
s3 4
51 s

38 2
263
23 1
242
273
154
2L2

423
344
294
203
21 4
134
299

654
61 5
556
798
677
66 I
665

L42 17
135 10
I47 I
134 11
T57 14
111 10
I27 6

826
774
868
59 B

s65
31 B

424

76 6
666
72 11
579
527
227
343

64 7
29 11
38 10
48 2L
679
68 4
666

I42 12
73 L2
76 11

LI7 13
L2I L2
ILz 10
110 7

825
56 10
s3 I
438
437
297
39s

76 6
4L6
4LB
33 4
547
17s
255

55 5
294
344
446
487
43 3
494

CRANIUM SITE L4

254
151
159
200
2LL
2l-9
224

NORM
MASR
MASL
SHAR
SHAI
EXTR
EXTL

L04 5
625
74 9
94 7

119 17
94 6r09 6

CR¡NTUM STTE 15

524
366
405
455
s08
4ls
448

NORIVI
Y.ASR
MASL
SHAR
SHAL
EXTR
EXTL

NORI{
MASR
MASL
SHAR
SHAL
EXTR
EXTL

474
406
466
53 6
524
264
456

CRA^NTUM SITE 16

274
217
230
20I
204
LL4
164

51 5
468
4474Is
4]-s
237
304

279
2LI
209
L76
191

B6
132

(ConLinued)
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GROUP
AB

PIEA}T SE
BC

MEAN SE
CD

}IEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

51
0
0
0
0
0
0

93 23 178 2L
0000
0000
0000
0000
0000
0000

L4
0
0
0
0
0
0

11
5
3
2
2
3
6

CRANIUM SITE 18

275
0
0

550
650

0
300

CRANIUM STTE 19

401 3s
492 32
538 48
525 37
5T7 38
345 30
363 20

252 16
29L 29
272 28
223 16
220 24
207 24
198 17

BB 6
929
90 11
95 13
90 10
76 10
73 3

385 37
250 66
235 56
501 81
428 48
228 2I
236 20

298
116
r07
25L
273
L73
r46

13 32

31 741.
28
22 489
10
13 803
25 546
r1 549

26
0
15
0
80
20
35

36
15
L7
20
20
15
28

576
00
60 0
00
250
200
350

344
238
233
244
256
33 2
42s

70 I0
33 B

322
58 7
56 I
64 24
61 I

108 24
00
350

350 0
205 770
L26 24
135 2I

CRANIUM SITE 24

100 I 328
56 8 2I9
58 6 220

104 18 301
87 19 278
83 7 27L
90 16 294
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extraction no doubt had a dlrect effect in this area.

The overall behavìor of sham group appositional
activity yielded less growth than normal. The pattern of
increments was different for sham and masseterectomy groups.

The similarity in bone growth occurrences at sites
15 and l-6 was due to relatively paraller amounts of deposi-
tion along t|" lateral wall of the cranium.

rn the First }4o1ar Region, site 24 was located on

the rateral wal1 in a position analogous to that of Sites
15 and 16. rntranasal resorption decreased the number of
animals in which measurement representing the entire study
period could be made. The differences between groups were

therefore not significant. except in the EF interval where

the masseterectomy group gre\^/ less than the normar and sham

groups (p = .05). The irregularity of the normal curve

h¡as due to the cross-sectional nature of mean increment

es tablishment.

Resorption on the intranasal surface eriminated the

early stain rines at site 18. only DE and EF intervals
courd be compared as shown in Figure 58. Alterations during

the DE interval were not significant although the muscle

surgery (sham and masseterectomy) groups grew faster than

normal while the extraction group grew slower. During the

EF interval, the sham group continued its stimulated growth
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(p = .05), but the masseterectonty and extraction groups

both manifested rate decelerqtùon (p = .OI). StÌmulated
growth in muscle surgery groups near areas of surgical
intervention was al-so observed at other sites in the cranium

and mandible.

The occurrences at site 17, classified as a muscl-e

attachment (Figure 69 and Table XIX, pages 183-185), should be

compared to the final intervals recorded at site 1g to
place the graphicar view of site 18 into perspective. The

masseterectomy and extraction group rates bore the same

relation to normal during DE and EF intervals at both sites.
Tt¡.e sh-am group did not demonst.rate greater than normal

growth at Site L7.

To comprete the observations around this section,
site 19 was examined. Again intranasar resorption has

removed the early stain lines but the id.entical relation-
ships during the DE and EF intervals were found as existed
at site 18. No important side differences were reveal-ed at
Sites L7 , 18 or 19.
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CRANTAI, VAULT

The pairs of ectocranìal and endocranÌar sites v¡ere

measured to assess growth of the cranial vault. These sites
hrere located midway between the sagittal suture and the

temporal ridge in the Zygomatl.c (35 and 36), squama Temporar

(47 and 48) , and Tympanic Bul1a Regions (56 and 57).

Reference to the site diagrams and sectioning chart will
clarify the anteroposterior relationship of these sites.

The independent behavÌor of ectocranial and endo-

cranial bone surfaces was manifested for these sites as it
was for the temporal ridge locations. The ectocranial
surface of the normal group always grew more than the

endocranial surface for the cranial vault sites as dis-
closed in Table XVf. The opposite relationship held for
the experimental groups. The ectocranial surfaces gre\^¡

less than the endocranial surfaces in accord with the

gradual "flattening" of the cranial vault that is observed

with age. The growth difference between surfaces was most

pronounced in the Zygomatic Region (frontal bone) and the

Tympanic BulIa Region (posterior end of parietal bone) where

the curvature was also most pronounced. on further compari-

son, it was seen that the ectocranial to endocranial

differences in normal growth increments formed a more

complicated pattern with respect to increasing age. The
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TABLE X\¡T

TNCREMENTS OF BONE APPOSITION AT THE CRANIAL VAULT

MEANS AND STANDARD ERRORS IN MICRONS

AB BC CD DE EF
GROUP MEAN SE MEAN SE },IEAN SE MEAN SE MEAN SE TOTAL

CRANIUM SITE 35

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MAS R
MASL
STIAR
SHAL
EXTR
EXTL

192
123
11 3
81

102
11 2
743

233
L72
2L6
297
31 9
233
263

16 I
11 2
103
72
51

142
122

19 I
192
L72
162
162
16 1
15 1

16
5
f
9
I

11
13

2
0
I
2
2
2
2

363
21 7
L22
255
264
346
366

CRANIUM SITE 36

73
51
55
59
52
56
61

54
39
57
62
49
58
63

5I
4L
3B
4I
34
34
37

5
B

3
10

5
4
5

3
5
6
4
5
4
3

B1
34
33
59
68
56
57

57
50
56
52
38
4I
50

225
l-23
116
160
l-64
168
181

190
L47
169
216
186
198
2l-6

L75
92
96

124
111
123
L23

151
93

TT2
136
140
131
124

6
9
I
I
9
4
5

2I
13
13
26
23
20
19

2
2
2
6
6
3
2

353
286
224
479
45 13
56 11
58 11

CRANIUM STTE 47

5
20
20

9
11

6
9

4
10
1B
I
9
7
7

69
23
30
46
42
39
3B

12 I
61
7I
B1

l0 I
L2 1
81

272
11 2
11 3
224
204
242
283

CRANIUM STTE 4B

5
5
7
6
5
4
3

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

I4
9

11
15
I5
14
I2

I
I
1
2
1
2

I

44
35
3B
42
4T
39
35

2
4
3
3
2
3
2

47
16
32
36
39
35
34

272
142
142
274
293
272
282

4
I2
I
3
5
3

3

[Continued)
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TABLE XVT TCONTINUEDI

GROUP
AB

I{.EAN SE
BC

MEAN SE
CD

MEA¡I SE
DE

IvlEÃN SE
EF

MEAN SE TOTAL

CRANIUM SITE 56

NORM
MJ\SR
MASL
SHAR
SH.A,L
EXTR
EXTL

t8
16
T7
2L
27
13
L4

t5
I
5

I2
13
16
L4

2
I
2
2
7
1
1

I
2
1
2
6
I
1

26
16
13
19
10
15
15

2B
1B
19
33
29
27
29

59
47
54
42
4B
3B
35

60
43
45
49
57
66
63

6
5
7
4
5
9
5

2
3
3
4
5
3
3

61 6
41 10
41 13
38 64rs
244
273

846
347
28 10
497
58 11
73 I
599

L92
138
r44
153
155
T17
r20

204
108
108
r49
L64
22L
l_9 I

CRANIUM SITE 57

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

2
3
0
I
t
2
2

162
102
B3

11 2
11 2
18 3
163

29
13
22
28
25
48
39

4
1
B

6
5

10
I

5
6
8

11
I
7
9
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endocranial surfaces did grow more than the ectocranial
during the AB and BC intervals. The cD increment was

equal for both surfaces, but then the DE and EF intervals
revealed the dominating reversal of ectocranial surfaces
growing more than end.ocranial. The trend thus described
was credited to maturation changes as the flattening of
the cranial vault bones. from their youthful curvature,
neared compretion. The implication of a delay in maturation,
most marked in the masseterectomy group, existed since the
experimental groups did not reflect the normal reversal-
until the EF period as determined from examination of
Table XVI.

Growth curves for sites 35 and 36 are presented in
Figures 59 and 60 as representative of the configurations
found for the cranial vaul-t sites. sham and extraction
group comparisons showed no significant differences except
at Site 56 (t'igure 61) where the lessened deposition of
the extraction group was due to an immediate rate decline
during the AB interval (p = .01). All the experimental
groups displayed their modal growth curves. The sham and

experimental groups approximated normar growth more closely
than the masseterectomy group which had the largesL number

of significantly small-er than normal (p = .01) increments.

Again, site 56 was the exception since the extraction group

followed the fastest decrine ln apposition during the DE
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and EF intervals (p = .011.

The lack of any important side differences lends

support to the view that the effects at sites not directry
involved in surgical procedures are not specific for
operated or unoperated sides.
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TEMPORAL RIDGE

Normal Growth. The ectocranial and endocranial sites
of measurement associated with the temporar ridge of the
frontal and parietar bones disprayed independent growth rate
curve configurations. The ectocranial surface, which formed

the substance of the ridge, grew increasingry faster with
advancing age. The endocranial surface, however, deveroped

in accordance with the usual finding of graduallv decreasing
increments. This comparison was also found valid for the
experimental groups and is itlustrated by sit.es 4s and 46 in
the Squama Temporal Region (Figures 62 and 63¡. AnoLher

major difference was observed when the amounts of bone

apposition were compared (Tab1e XVII). The ectocranial site
grevr 4 times more than the end.ocranial site in the squama

Temporar Region and 3.5 times as much in the Tympanic Bulra
Region.

The greatest degree of development of the temporal
ridge was recorded at the frontal bone for site 34. An

interesting acceleration of normal growth during the DE

interval was followed by the usual stight deceleration in
the later periods. The acceleration with age v¡as also a

feature of growth at site 25 for the normal group. This
was expected since site 25 was located on the ectocranial
surface of the frontal_ bone in the First Molar ¡egÍon.
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TABLE XVII

INCREMENTS OF BONE APPOSTTION AT

T{EANS AND STA},IDARD ERRORS

THE TEMPORAL RIDGE

IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANTUM SITE 25

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

468
164
172
579
s1 9
61 9
577

85 27
61 16
62 L4

106 13
103 11
137 16
L27 L2

182
91
81

16 1
152
2Lt
20 1

14 I
11 1
11 I
15 I
152
13 1
L4 1

62 12
87 11
93 15
58 10
59 10
499
506

]-40 16
s6 7
61 10

168 30
]-87 40
l-49 11
139 L4

CRANIUM SITE 34

225
273
28I
233
244
151
l-5 1

369
493
486
377
418
298
304

13
28
1B
31
30
I2
11

185
66
73

156
163

93
97

284
l-69
156
248
26L
ls6
159

20
20
I7
28
29
13

9

6s8
498
525
672
704
s03
496

88 2I
190 18
I49 32
115 15
135 14
89 13
81 9

323
273
2L2
193
222
232
222

21 1
163
192
172
152
15 1
162

346 5t
L67 20
238 34
29]- 53
276 52
274 31
277 28

CRANTUM SITE 45

19
37
37
53
69
32
49

36
31
31
29
32
T7
L4

II72
10 B0
1091
113 7
119 3
954
948

69 11
304
285
62 16
67 17
676
665

CRANIUM SITE 46

l-34
185
202
159
156
T2T
116

45
40
4I
41
3B
3B
40

T2
33
33
37
35
13
I1

372
206
190
365
392
293
3ls

47
2B
28
36
3B
33
33

31
46
40
38
52
22
29

625
457
449
62r
652
525
539

153
TT2
115
137
13s
126
134

NORM
MASR
MASL
SHAR
SHÄL
EXTR
EXTL

262
L72
16 I
283
294
272
31 2

2
2
3
3
3
2
3

4
4
4
5
5
4
4

(Continued)
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TABLE XVTT (CONTTNUEDI

GROUP
AB

MEAN SE
BC

MEAN. SE
CD

¡{EAN . SE
DB

MEAN SE
EF

MEAN SE TOTAL

CRANTUM STTE 54

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHÄ.L
EXTR
EXTL

20
T7
20
22
28
1B
L7

2
3
3
2
5
1
2

31 4
162
15 1
182
193
18 2
182

397
205
122
142
21 2
45s
407

133 29
326
32 L2
81 18
85 32

116 19
105 20

71 10
54 10
64 9
567
60 5
4L5
434

178 27
229 33
214 33
189 46
2T9 4I
150 15
L67 16

B1
36
48
57
51
37
28

428 40
190 40
I92 39
47I 56
498 s6
378 33
393 4r

33 4
222
223
416
446
50 s
44s

CRANIUM SITE 55

13
15
T7
L4

4
5
4

236
r45
l-69
L94
202
164
150

19
11
10
16
22
31
32

3
1
0
2
3
4
6

797
482
460
77L
845
720
737
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Experimental Groups. A review of significant
differences from normar growth reveared that the sham

operation group deviated the least from normal behavior.
The sham differences were not significant at the sites on
the frontar bone. slower growth did occur for the sham

animals at the parietal bone sites (p = .01) always during
the BC interval. Thus¡ ân important temporary effect was

noted that did not occur immedìately after surgery as \.{as

the finding for the masseterectomy group.

significant differences were noted between experi-
mental groups for numerous growth increments as wel_l as

total growth for these sites. The details of these inter_
actions need not be presented, but the generar observation
that each experimental group responded in individual fashion
should be noted. The existence of adaptive adjustments
specific in velocity change, amount and timing may be
postulated with such supportive evidence in view.

The masseterectomy group curves were of particular
interest since the temporal ridge gives attachment to the
temporalis muscle and these sites might be expected to
reveal some growth compensation after masseter removar.
The growth curves presented their usual repeating biphasic
design but a dramatic reduction in the total amount of bone
apposition occurred (rable XVII). The deficiency developed
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because th-ere was a greater lag Ìn apposition during the
declining phases than was compensated by the faster than
normar growth phases. The significance of the variations
from normal rates was usually in the order of the 1 per
cent level of confidence, although some increments were

not statistically different. The magnìtude of alterations
in bone deposition was proportionately the same for sites
in Region vr and Region vrr, suggesting a common influence.
There were no l.arge side differences.

The development of the temporal ridge was arso
affected in the extraction animals. The first half of the
experimental period yielded normal growth for this group

with the exception of a tendency for a rate declj-ne during
the Bc interval which was signifÍcant at sites 4s, 46 and

54. The disparity in the amount of total bone deposition
resulted from marked rate declines in the l_atter half of
the experimental period that \^¡ere significant at all but
the ridge sites measured on the parietal bone. such a

developmental scheme was not due to the age difference
between normar and experimental animals but many reflect
the chronic nature of alterations produced by tooth
extraction.
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ALVEOLÀR PROCESS

rt was expected that th-e extraction group would display
the greatest growth alterations at the alveolar process sites
numbered 22, 23 and 31. such was found to be the case. The

operated side of the extraction animals revealed reorganization
and healing events at Site 22. The amount of new bone

deposition was minimal (Figure 6ù and occurred only after
the C stain injection (tabIe XVIII). The discrepancy was

highly significant at less than the 1 per cent 1evel when

comparison was made to normar growth. There was, of course,
also a highly significant side dÌfference and it was interesting
to note that the unoperated. side was arso affected; growing
significantly less than normal during the BC, cD and DE

intervals (P = .01)"

The sham animars did not present any significant
digressions from normal growth. The masseterectomy group
followed its usual course with significant growth reduction
in the AB, CD and EF interval_s (p = .01). Except for the
EF intervarr ro significant variations were established
between sham and. masseterectomy increment.s. These groups
also presented no side differences of note.

A reverse of extraction group growth behavior \^¡as

observed at site 23 and was interpreted as a typical healing
response designed to strength-e.n a weakened area of bone.
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TABLE XVIII

INCREMENTS OF BONE APPOSITTON AT THE ALVEOLAR PROCESS

MEANS AND STA}TDARD ERRORS IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
EF'

MEAN SE TOTAL
DE

I{EAN SE

NORM
MASR
MA,SL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
I4ASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

69
42
42
5B
53
I

6B

32
L7
26
19
16
31
25

107
109
LL7

86
91
I

56

50
32
42
43
26

TT2
4L

53
0
0

105
BO

0
0

6
5
6
5
4
1
3

CRANIUM SITE 22

r82 9
l-42 10
t22 14
L74 19
190 11
33 17

140 L7

CRANIUM STTE 23

98 7
61 10
76 16
99 19
84 18

114 18
111 13

CRANIUM STTE 31

104 37
00
00

275 0
245 0
11 11
10 10

I
10
15

B

10
1

L4

5
B

10
12

6
29

B

I4
0
0
0
0
0
0

220 7
2L0 13
227 12
I92 13
206 13
478

146 16

133 t3
L22 22
116 23
104 L7
91 15

104 L7
91 13

111 I7
163 17
176 18
238 10
209 32
27 19
50 26

202 15
40 60
98 L7

158 16
156 14
56 L2

L44 17

L46 T4
81 16
96 2I

I27 28
84 ls

119 47
100 15

L2L 13
91 24
88 L4

T73 2L
184 31
95 14

159 14

780
543
606
668
696
138
554

459
313
356
392
301
480
368

n?,

811
,:,

3
4
I
3
4
7
4

33
0
0
20
30
0
0

5
0
0
0
0
0
0
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Th-e operated side disctosed a rapid acceleration of
deposition during the BC interval (p E .01) which resulted
Ín slightty more total apposition (fìgure 6 5) . The remaÌning
experimentar groups demonstrated no significant differences
from normal save in the small-er AB increment (p = .05) for
the operated side of the masseterectomy and unoperated side
of the sham group. such minor statistical differences
occurred at many instances in the course of this study and

shourd not be stressed in the overall interpretation of
results.

observations at site 31 were limited to the DE and EF

intervals because of the resorption of the early stain rines
during the process of trabecurar reorganization. The

extraction group again was adversely affected. The right
side grew less than normal during the DE interval (p = .0r)
but so did the left side (p = .05). The side difference
was more pronounced during the EF interval when the operated
side rate was much slower than the unoperated side rate (p -
.01) .

Both masseterectomy and sham groups \^/ere subject to
growth stimulation during the DE interval (p =.01 for sham

group). However, a reaction of rate decline was noted for
the masseterectomy group during the last period. These

events indicate the customary growth pattern for sham and

masseterectomy groups at the retromolar pad.
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MUSCLE ATTACHMENTS

A series of sites in the squama Temporal Region

located in the area of attachment of the medial pterygoid
and masseter muscles was examined to determine if altera-
tions suggestive of specific instances of stimulation or
retardation of bone growth could be found. These sites
are illustrated in Figure 20 "

At site 40, the pterygoid muscle attachment, only
the general growth curve configurations were revealed for
each study group (Figure 66). None of the differences
were significant. There \,rere no significant side dif ferences o

The endocranial site, number 4r, also did not manifest
significant totar growth disturbances. A deceleration in
all but the operated side of the masseterecLomy group

during the BC interval was significant (p = . 01) "

The near normal growth rate of the operated side
of the extraction group during the cD interval was not,

mirrored by the operated side (p = .05). A possibility of
unilateral alterations in cranial base development existed
in the extraction group.

Growth at another endocranial site (427, located
opposite the zygomatic process of the temporal bone,

supported the supposition of a local effect as a consequence
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TABLE XTX

BONE APPOSITION NEAR

AND STANDARD ERRORS TN
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MUSCLE ATTACHMENTS

MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANIUM SITE 17
NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NOR}f
MASR
IVTASL

SHAR
SHAL
EXTR
EXTL

245
178
155
206
206
2l9
212

29
10
10
2t
27
2L
2I

18
22

B

16
T2
16
I4

9
0
0
4
5
6
6

253 18
299 2L
327 27
242 20
279 32
13s 19
200 19

91 27
00

1s8 18
00
00
55 5
00

31 5
100
100
253
31 3
255
294

72
75
32
33
4I
26
34

206 9
180 30
4I0 33
150 0
200 0
268 68
160 0

331 26
399 35
108 26
366 49
445 64
225 75
290 0

245 34
106 32
00

303 50
300 39
130 30
135 15

456 37
296 32
295 32
483 64
432 59
456 28
401 32

CRANIUM SITE 30

614 39
693 68
650 51
560 46
609 55
438 23
428 20

499 53
266 58
238 52
430 36
418 40
2BO 12
270 18

2067
1732
16 65
192I
19 44
152 B

15 11

9_15

,ut

2]-9
134
160
196
316
17T
T7B

42 10
00
00
00
00
755
00

CRANIUM SITE 40

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

39
15
13
24
33
43
44

6
0
3
3
4
B

4

459
18 3
308
51 11
77 2I
47 10
55 7

CRANIUM SITE 4I

74
57
63

106
109

66
94

10
22

9
T7
13

9
L2

5
10

9
3
4
4
3

59 I
58 11
66 16
63 12
69 11
499
407

98 13
I23 15
r13 16
93 15
B0 15
668
73 7

s58
38 9
44 14
368

118 78
297
33 I

75 11
308
42 18
58 12
74 20
60 10
61 10

358
300
263
314
337
26L
306

(Continued)
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TABLE XIX (CONTINUED)

GROUP
AB

MEAI\T SE
BC

MEAN SE
CD

MEAN SE
DE

ME.AN SE
EF

MEAN SE TOTAL

CRANIUM STTE 42

NOR¡4
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
¡4ASL
SHAR
SHAT
EXTR
EXTL

252
13 1
11 1
172
21 2
122
162

100 24
111 12
I22 23
l1s 12
114 11
869
73 9

252
262
285
172
122
102
122

t32 11
I52 L4
193 22
728 18
135 2L
64 6
74 12

69 13
I45 15
90 15
52 11
sB 11
54 7
58 I

433
41 6
345
368
4]-7
2l-5
244

2BI 2I
436 38
394 48
37L 50
346 51
148 25
15s 15

34s
197
227
259
244
13 5
L44

I7L 77
98 t9

IO7 T4
262 25
22T T7
95 L4
87 10

L47 16
81 19
728

114 t0
138 22
866
91 B

919
979

1063
119 9
1110

560
6l-9

562
542
5L2
493
531
464
440

31 2
195
193
346
286
253
283

CR.PNIUM SITE 43

Is8
118
114
l-29
126

B1
94

232
10 1
13 I
L22
163
102
103

429
30 10
30 10
243
324
433
446

L27 13
705

114 47
L42 20
130 18
150 15
LT7 T4

425
118 30
85 L2
27 10
26 10
174
194

L77 L2
2l-6 18
206 26
161 28
r73 19
131 L4
130 16

242
153
356
72

l-23
51
72

235 23
IB2 77
247 53
323 42
294 51
167 25
230 40

CRANÏUM SITE 44

345
18 4
346
278
309
224
2l-6

CRANIUM STTE 53

30 3 1s3
28 6 189
33 9 2oO
31 11 104
30 I 114
5259
I 3 65
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of molar extraction since. the extraction group grew leaSt
(p = .01) - sham operation and masseterectomy group growth

was also retarded, but not as significantly (p = .05).
This latter finding was due to the initiar growth decline
shared by all experimental groups (p = .01), which resulted
in less total apposition"

Masseter Muscl_e. The attachments of the masseter

muscle located in the First Molar I zygomatic, squama Temporal

and Tympanic Bulla Regions displayed similar growth inter-
relations among groups. variations of this pattern deal-L

mainly with the sham group curves. The growth curves for
Sites 43 and 44 are displayed in Figures 67 and 68,

respectively. The major features of the shared pattern
\^zere the stimulation of apposition demonstrated by the

masseterectomy group and the decreased growth of the

extraction group. Both results were significant at the

1 per cent IeveI. The operated side developed more slowry

in both groups but the difference lras more significant in
the masseterectomy (p = .01) than in the extraction (p = .05)

group. It will be remembered that the masseteric ridge

areas in the mandible reveal-ed the same reactions.
The sham group curve behaved differently at each

site. At Site 43, much more apposition than normal was

recorded whil-e Site 44 evidenced less than normal bone
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deposition. Both variants s¡ere significant at the I per cent

level durìng a certain time span, but not signifùcant in
total growth comparison.

Site 53 measurements yielded a more moderate form of

the effects reported for Sìtes 43 and 44. Growth at Site 53

was also about 2/3 of that observed at Site 43. The rate of
resorption on the medial surface of the zygoma itself was so

rapid that only the DE and EF interval readÌngs \¡lere obtained.

Comparison of these increments revealed a single signifj-cant
finding of reduced growth of both sides of the masseterectomy

group significant at the I per cent l-evel. The side differ-
ence was remarkably small (on1y 4e") . This data may seem

inconsistent with gross observations.

The anterior attachment of the masseter muscle on

the zygomatic process of the maxilla was represented by Site

I7. It was interestíng to note that bone apposition at this
regionr âs \^ras the case at Sites 30, 43 and 53, \,vas not in
the direction of muscle pu1l. No evidence of a "specific
effect" reaction similar to that observed at Sites 43 and 44

was discerned at Site L7. The commonly found general growth

curve pattern showing no side differences is illustrated in

Figure 69 f.or this site. It might be stated that this site

v/as the fastest growing of the BB sites studied.



1200 -
r'/?

BOhIE GROWTH
rN M!CFrohts

'fs tol
EE
STAIN

Figure

¡ È ¡ -¡ I a

-æ
EÉE É- 

-.T-'

{.

'r¿.a
n

,¿
It.

.1. håoRÅñ

MA5
5HAÁN
EXT

¡

A

I20 | ¡o 40 850 ó0 70DËF
t¡NE !htTERVAtS (TINNE IN DAYS)

69 . Cumulative Bone Apposition at Crani_um Site 17.



191 .

INCISOR SOCKET

. The growth of the premaxirla Ìn the area above the
incisor socket was assessed by comparing measurements made

at^ sites 3 and 9 in ,the rncisor and premaxillary Regìons,

respectively. Large amounts of bone deposition were recorded
at both sites but site 9 grew more. The growth direction
also.changedr âs site 3 grew buccally whire site 9 grew more

superiorly. The inner (intranasal) surfaces were subject to
resorption as the width of the nasal cavity increased. A

consideration of the amounts of lateral growth of the pre-
maxilla is of importance to an appreciation of the adjustment.s

made at the nasopremaxillary suture.

AL site 3, the growth curves manifested the typical
configurations for each study group ( Figure 70) . The most

significant deviations registered were less apposition for
the ext.raction group during BC, DE and EF intervals (p = .01).
Reduced growth of the extraction group was also discrosed at
site 9 where the significance occurred during the AB, BC and

EF intervals (p - .01). At this location, however, the
reduction was also rnanj-fested in the masseterectomy group

(Figure 71) due to the large initial depression (p =.01).
The sham group recovered from the initiar lag and achieved

total growth approximating normal values. The sol_e signifi-
cant side difference was the greater rate of the operated
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TABLE XX

INCREIVIENTS oF BONE A.PPOSITIoN

MEANS AND STANDARD ERRORS

NEAR THE TNCISORS

rN MICRONS

GROUP
AB

T{EAN SE
BC

MNAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTA],

CRÄ.NTUM SITE 2

NORM
MASR
¡4ASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MA,SR
MASL
SHAR
SHAL
EXTR
EXTL

202
11 2
91

13 1
152
L22
11 2

84 11
250
200
500
61 I
65 9
64 9

240 26
847
81 6

158 12
766 16
161 10
163 9

33 3
173
182
256
253
243
266

151 15
95 5

110 10
229 37
208 27
160 19
167 2L

268 2I
769 16
L66 10
328 43
352 47
253 L4
252 L7

70
57
60
51
43
4B
49

269 24
306 26
326 26
274 42
272 20
169 I
178 18

406 23
450 32
352 95
429 28
4r7 35
318 22
275 18

B7
37
40
45
37
45
45

200
159
l-99
174
l-78
I49
130

334 39
109 33
257 118
293 24
278 7
186 2I
l-67 16

825
7s8
803
800
793
602
592

L482
1050
110 5
r372
L402
L029
972

27
2T
2I
13
L4
13
13

12I
L73
148

73
74
59
53

2
3
)
3
3
3
3

9
13
L4

7
6
9
7

5
B

11
B

B

7
5

9
19
31
25
18
15
I

237
143
148
L47
l-34
L42
144

CRANIUM SITE 3

234
238
249
l-64
189
111
115

L4
23
32

7
15

7
B

T4
2L
20
13
2I
L4

9

CRANIUM S]TE 9
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side of th-e extractìon group during the DE ìnterval (p<a.01).

A large simìlar sÌde difference was recorded for the extraction
group durìng this interval but could not be shown to be

statistically significant. These side differences suggested

the existence of recovery mechanisms to re-establish symmetry.

The attachment of the anterlor deep head of the masseter

muscle was located near site 9 and the unilateral response

in the masseterectomy group, which was twice as large as that
in the extraction group, could have been a reflection of the

growLh spurt commonly noted in areas of extirpated muscle

attachment.

There were no differences among the experimentar groups

in bone apposition at site 2. Apposition at this rocation
was a measure of the buccal drift of the incisor socket

within the premaxilla in the incisor region. The growth

curves of the experimental groups were al1 superimposed.

All experimental groups gre\Â/ slower than normal as indicated
in Table XX. In view of the similarity of experimental

group responses, it. is likely that the large amount of
apposition registered for the normal group does not represent

a real difference but the selection of a more inferiorly
l-ocated measurement site. All experimental groups Ìtrere

measured by the same observer.
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CRANIAL BASE

The growttr- in the superror direction of the cranial
base was recorded at sites 32,38 and 39 which were in the
midline, thus no separate measurements were shown for sides
in Table XXI. Resorption on the Ìnferior surface was

involved in the relocation pattern therefore the mean

measurements recorded for the early increments were based

on only a few animals for the faster growing groups. The

AB measurement for the normal group may be incorrect for
site 32. site 33 was located to provide assessment of
the lateral apposition of the presphenoid bone in the
Zygomatic Region.

The experimental observations demonstrated that
growth reduction Ì^¡as greatest for the masseterectomy group

in the zygomatic Region where AB and EF declines were

significant (p : .01). The total growth of sham and

extraction animals was not significantly less than normal.
rn the squamotemporal Region, it was the extraction

group that revealed the least amount of deposition on the
basisphenoid superior facing surfaces, although this
difference was not significant. The growth rate of site
39 was faster than that of site 38 to alrow the thickness
of the basisphenoid to increase as cortical drift progressed

superiorJ-y. Surfaces facing inferiorly showed bone resorption
as indicated in Figure 20. The growth curves fol-lowed the

typical configuration as il-lustrated in Figure 72 which

depicts growth at a representative site.
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TABLE XXT

INCRNMENTS OF BONE APPQSITION AT

MEANS AND STANDARD ERRORS TN

THE CR,AI\¡IAL BASE

MICRONS

GROUP
AB

ME.AN SE
BC

MEAN SE
CD

I4EAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANIUM SITE 32

NORM
MAS
SHA
EXT

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MAS
SHA
EXl

NORM
MA.S
SHA
EXT

100* 50
132
38 11
40 12

250
91
81

132
150
153
15 10

283
182
242
2L3

t5
15
50
37

500
236
358
346

250
177
155
122
182
16 I
155

394
45 13
375
254

755
75 25
700
51 10

IT2 T4
96 25
98 30
94 18

38 6
36 B

37 11
65 10
76 7
397
61 15

61 11
566
93 L2
477

998
I97 22
144 26
6s 10

99 L2
298
87 15
67 10

577
18 4
21 6
286
33 7
41 15
43 10

579
66 2I
499
347

868
54 13

r07 28
478

419 *
185
363
304

58 18
244

105 36
69 11

CRANIUM SITE 33

450
136
103
424
436
4L7
68 22

CRANIUM SITE 3B

190
93
91

160
185
152
202

233
22I
26L
T7B

375
394
596
316

48s
365
58 3
sI 7

CRANTUM STTa 39

0
5
0
4

100 15
s3 13

225 5
116 22

* Questionabl-e AB measurement resuttea in an inflated total.
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SUTURES

The role of the craniofacial sutures

growth, and adjustment of the relationships

AS

of

sìtes of

bones has

been the subject of numerous investigations. From observa-

tion of the gross specimens, it could be deduced that the

deviations in the position and relative sizes of bones

resulting from masseterectomy and extraction must involve

some adjustment of sutural growth patterns.

Midsagittal- suture apposition was measured in each

of the seven coronal sections of the cranium; both on the

dorsal and ventral surface. In a few instances, the nature

of the stain l-ines did not allow the accumulation of

sufficient data and the site was not included in the final

analysis. Other sutures of note were the internasal and

naso-premaxillary sutures "

Internasal Suture. The medial growth of the nasal

bones at Sites 6 and 13 proceeded in similar fashion and

reflected the modal growth curve configuration for the

various study groups. Growth was greater in every case

at the anterior site and the unoperated sides showed more

activity than the operated. The significant differences

between groups \^¡ere almost identical for both sites and

Figure 73 demonstrates the curve pattern for Site 6. The

sham curve has been omitted si.nce the only significant
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TABLE XXTI

INCREMENTS OF BONE APPOSITION AT SUTURBS

MEAN AND STANDARD ERRORS IN MTCRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

I4EAN SE
EF

MEAN SE TOTAL

CRANÏUM STTE 1

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NOR}I
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MÃ.SR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
BXTR
EXTL

23
13
13
19
1B
T4
16

20
t2
L2
20
16
25
27

2I
13
10
L6
I7
I7
19

26
10
1B
20
2T
23
23

7

3
2
2
7
I
6
I

10

5
3
3

4L
46
37
35
34
24
2B

60
57
65
62
68
56
56

50
5B
52
62
59
51
48

85
73
66
9t
91
B8
88

33
T2
L7
34
26
I2
18

5B
L7
1B
37
42
30
37

39
2L
L7
35
52
29
35

76
38
33
79
73
69
64

r42
100
101
135
r22

93
108

207
L42
L66
202
194
189
20L

L62
134
118
L73
L92
156
169

272
188
L82
29L
280
273
274

2
1
1
I
2
1
3

3
7
4
4
t1

3
5

2
4
5
5
4
2
4

20 I
152
203
162
152
122
142

322
365
394
33 4
242
232
273

2II
21 2
203
152
172
162
202

363
31 3
33 4
302
31 4
272
293

37
20
32
50
44
55
54

CR¡NÏUM S ITE

25
I4
I4
31
29
31
32

CR¡NIUM SITE b

2
1
2
5
7
3
3

2
1
2
3
2
2
2

3
5
4
6
I
5
4

5
6
9

10
9
5
5

5
3
3
4
5
3
4

1
2
I
1
2
3
2

5
4
4
I
I
4
3

31
2L
19
45
47
43
47

CRANÏUM STTE

3
4
4

10
10

6
6

9
I
5

11
13

4
4

6
B

7
11
I2

5
6

3
1
4
1
3
2
2

49
36
32
7L
64
66
70

t0
9
3
6

(Continued)
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TABLE XXTT (CONTINUED)

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANTUM SITE 13

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MAS R
MASL
SHAR
SHAL
EXTR
EXTL

I4
6
7

13
L2
13
T4

18
18
16
L6
I9
26
32

2
I
1
2
1
2
1

22
T2
14
23
24
37
32

2
I
2
4
4
2
2

5
3
4
6
6
4
4

18 1
132
152
l23
L42
15 1
r8 I

51 11
25 10
350
150
00
150
200

2L4
259
L44
23 11
276
21 6
339

423
31 3
364
38 5
4l-6
362
4l-3

756
66 13
87 23
97 27
83 17
78 L4
79 20

79 13
26 13
30 10
s9 16
448
377
61 12

38 0
L47
165
97
84
32
42

40
1B
20
27
33
25
30

91
31
35
62
65
74
7L

68
9

22
33
28
23
39

23
2

11
3

T2
3
3

136
80
92

113
L24
L26
135

CRANTUM STTE 20

9
9
7

L2
B

11
I

10
7
0
0
0

50
27

1B
15
15
0
0
l5
30

26
6
7

L2
6
4
I

10
7
7

L2
10

9
I4

2
0
0
0
0
0
0

50
22
50
20
30
B2
67

CRANIUM SITE 27

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

2
5
4
3
3
6
5

39
2L
24
51
47
45
63

CRANIUM SITE 37

5
2
2
4
3
I
2

225
99

106
TB2
165
L52
228

140
28
44

32
9

T4

28
3
4
4
5
1
4

222
42
97

00
42
11
2I

297
53
4T

00
32
11
1I

0
1
6
3
7
I
3

(Continued)
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TABLE XXTI (CONTINUED)

GROUP
AB

MEA¡{ SE
BC

MEAN SE
CD

MEAN SB
DE

MEAN SE
EF

MEAN SE TOTAL

CRANTUM STTE 49

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

9
13
11
72
L7

4
6

20
3
2
4
4
7
6

207
11
32
31
32
73
73

13
10
I4

9
15
11

4
3
0
4

2
2
I
2
3
3
3

38 6
42
2I

46 26
46 24
49 15
328

654
36 16
75 24
33 L2
86 36
59 L4
33 7

68 6
7L 14
65 19
73 23

119 47
46 14
56 12

76
27
23
37
51
18
2)

219
7L

105
L23
190
140
100

263
181
190
181
238
115
169

NORM
T4ASR
MÄSL
SHAR
SHAL
EXTR
EXTL

23
15
T7

3
7

0
5

2B
25
43

6
6

0
6

3
5
2
2
3
0
3

CRANIUM SITE 58

s0 1
300
322
53 31
33 14
18 11
47 18

94
40
33
46
73
51
55

15
15

9
1T
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alteration was that the sh-am group shared ln the experimental

group rate decline during the EF interval (p = .01).
The important alterations occurred in the masseterec-

tomy group. overall growth was significantly srower than

that of all other groups. when compared to the sham and

normal groups, 'a significance of p = .01 was observed. while
com.parison with extractìon growth gave a. p value cf .05.
Every "decline period" in the ma.sseterectomy growth rate
for the operated side was significantly less than normal
(p = .01). The siCe difference (p = .05) \^/as developed

maín1y during the cD interval. side differences rniere an

infrequent observation and this parLicular growth disparity
betwôen left and right nasal bones shourd be emphasized.

The masseterectomy group was the only group which demonstrated

a permanent degree of rostral deviation on clinical examina-

tion

The total amount of extraction group growth was not
significantly less than normal. The customary periods of
acceleration and deceleration vrrere observed and were signi-
ficant.

Paratal suture. The growth alterations recorded for
the sham and extraction groups at the midpalatal- suture
(Sit.e 'I , Figure 74) were not noteworthy. Total apposition
for all groups was somewhat less than at site 6. The curve

patterns were similar to those. of the internasal suture with
one critical exception.
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The operated side of the masseterectomy. group grew

more than the unoperated side (p = .051. the reverse of
the finding at sites 6 and 13. An attempt to restore
symmetry in the coronal- plane was revealed by this growth

scheme.

rnterincisal suture. Further support for such an

explanation was not forthcoming from the examination of
apposition at site 1. The irregular eontour of bone edges

at this local and unconcious observer bia.s may have pïe-
vented the finding of a sllpportive side difference in the
masseterectomy group. Both extractÌon and. masseterectomy

groups \^/ere subject to significantly less deposition at
the interincisal site. The usual artered growth patterns
prevailed.

Nasopremaxillary suture. sites 10 and. 20 provided
a measure of the lateral bone increments on the nasal bones

at the junction with the premaxilla. Tabre xxrr can be

examined to reveal the aniount of apposition on the lateral
margins of the nasar bones was much greater than that on

the meCial margins.

The growth of sham and extraction animals at site
10 manifested close adherence to the normal curve. There

were no large side differences at this site. The notable
finding was the retarded growth of the masseterectony
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group which was significantly l_ess (p = .0ll when compared

to that of any other groups. The commonly observed three
periods of decline in the masseterectomy pattern \dere all
significantly different from normal.

A variation of this rer-ationship was observed at site
20 in that the.left side of the masseterectomy group approxi-
mated normal growth during the cD interval. The difference
was not significant, however. The initíal stain rines
were subject to endosteal resorption so comparisons were

l-imited to the CD, DE and EF intervals.
Metopic suture. The midsagit.tal approximation of Lhe

frontar bones in the First Molar Region displayed a very
significant side difference in extraction group growth. The

unoperated side of the extraction group grev¡ much more

than normal- during the DE interval (p<<.01) " This interval
marked the beqinning of the growth d.ecline of the operated
side which was significantly ress than normar during the
EF interval.

The masseterectomy dernonstrated greatly retarded
growth but no side differences.

Parietal Suture. The midsagittal union of the
parietal bones was represented by sites 37, 49 and 5g in
the zygomatic, squama Temporar and Tympanic Bulla Regions

respectively. Exanrination of the growth increments for
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these sites in Tabl-e XXII revealed that the amount of
apposition ìncreases from anterior to posterior sites.
Endosteal resorption \^ras responsible for the loss of
initial stain lines in many animals so the value of detailed
com.parisons is limited. There \¡¡as, however, a generalized

tendency for significantly greater growth of the operated

siCe in the extraction and masseterectomy series. The

occurrence of fusion in the more posterÌ.or regions of the

suture was an inf regu.ent f inding.
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NASAL SEPTUM

The endochondral ossification of the superior lateral
(Site 28) and midline (Site 29) aspects of the nasal septum

yielded stain lines that were difficult to assess because

of the small amounts of growth- occurring and the complicated
pattern observed in adjacent locations. A few intervars
were represented by readings in only one animal as indicated
by standard error values of zero in Table XXIII.

At site 28, the extraction and sham group values were

readily assessed and revealed a growth stimulation. The

rate increase was significant during the DE interval. The

masseterectomy group did not demonstrate increased total
growth at this location.

The midline site was characterized by minimal amounts

of apposition for all the experimental groups (p = .01) but
the extraction group \¡¡as least affected. The normal values

for this site are questionable since they are of a cross-
sectional nature only. No AE or AF interval readings were

recorded for the normal animals.

The report of continuous side differences in nasar

septum bone deposition (C1ea1l , LgTl-) was not substantiated
by similar findings in the experimental groups. Experimental

side differences \^rere not significant and occurred in random

fashion.throughout. an individualrs growth period. The

deflection of the nasal septum is probably mediated by

cartilaginous adjustments rather than differenLiat bone

deposi tion.
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TABLE XXIIT

INCREMENTS OF BONE APPOSTTION AT THE NASAL SEPTUM

MEANS AND STANDARD ERRORS IN MICRONS

AB BC CD DE EF
MBAN SE TOTALGROUP MEAN SE MEAN SE MEAN SE MEAÀT SE

CRANIUM STTE 28

NORM
MÄSR
MASL
SHAR
SHAL
EXTR
EXTL

26
10
30
26
29
30
26

5
0
0
6
6
5
5

233
350
200
27 10
31 I
204
242

37
20
25
60
57
43
43

CRANTUM SITE

2
I

6
6
I

11
15

9
4

18
3
3
1
0

10
I

3
7
5
3
3
0
5

4
0
B

4
9
6
9

29

9
2
I
3
3
0
3

45
4T
5I
69
30
64
71

1B
T2
11

4
4
0
5

3
5
B

L4
5
I
6

34
25
22
49
53
52
45

165
131
148
23L
200
209
209

9L
22
19
15
L4
50
32

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

24
3
1
6
6
0
3

155
32
33
2L
21

250
83

169
11
11
2T
2L

150
83

2
2
2
I
0

10
B
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TYMPANIC BULLA

The occurrence of growth alteratÌons durÌng develop-
ment of the tympanic bu11a demonstrated the far reaching
effects of surgical interventÌon. Every growth site studied
was subject to modification of the normar events. sj-tes 50,

51 and 52 were located at the medial, inferior and lateral
positions on the bu]la as illustrated in Figure 2r. The

amount of total growth was found to d.ecrease from site to
site in the same order.

The masseterectomy group curves d.id not follow their
usual pattern at Sites 50 and 5I (nigure 75). This was seen

as a rare occurrence and suggests that the tympanic bulra
were not subject to the same contror as the vast majority
of growth sites studied, both in the mandible and cranium.

rn this region, masseterectomy curves forlowed the normal

growth patternr âs did those of the sham group. Greater than
normal total apposition was recorded for the masseterectomy

group at site 50 due to the magnitude of the spurt d.uring

the BC interval (p = .01). Side differences were of no

account in this region.

The extraction group followed its customary growth

curve and was slower in development at these sites than the

other groups. The differences were not statistically signi-
ficant since extraction group values were derived from the

measurement of only one animal.
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TABLE XXIV

INCRBMENTS OF BONB APPOSITION

MEANS AND STANDARD ERRORS

AT TYM.PA}TIC BULLA

IN MICRONS

GROUP
AB

MEAN SE
BC

MEAN SE
CD

MEAN SE
DE

MEAN SE
EF

MEAN SE TOTAL

CRANIUM SITE 50

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

25
2B
36
26
27
20
20

31
23
25
25
2B
20
15

37
18
22
31
36
25
25

4
5
7
5
5
0
0

3
3
2
2
3
0
0

3
2
3
4
5
0
0

458
r09 24
99 15
407
396
150
30 0

454
55 6
567
31 6
4Ls
300
250

444
61 L2
65 13
378
468
250
200

68 10
364
44 7
53 11
66 12
350
400

86 15
60 11
69 12
73 r_6

85 L2
750
65 0

CRANTUM SITE 51

90
r04

B7
62
66
75
60

72
50
60
45
5B
25
25

63
74
54
4L
53
45
30

B

L4
10

6
5
0
0

B1
66
4B
53
5t
65
B5

69
45
39
46
46
20
40

45
22
15
34
30
15
15

9
9
7

11
9
0
0

327
367
339
254
274
250
260

295
233
229
204
24]'
120
r4s

257
2LT
200
L96
23I
145
130

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

NORM
MASR
MASL
SHAR
SHAL
EXTR
EXTL

78 I
60 11
496
57 11
68 12
250
400

CRANIUM SITE 52

6
5
6
9
7
0
0

7
11
L2
11

9
0
0

10
10

7
5
6
0
0

6
7
5
5
7
0
0
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DISCUSSION

General Observations. The technique of microscopic
assessment of bone growth at specific sites in the cranio-
facial- structures of the rat was found to be most

efficacious. The vital staining sequence (sequence z,
Table rr) was found to provide clearly visible stain rines
(Figures 1 and 2) with a fluorescence microscopy technique.
There was no need to use tungsten light.. Both the direcLion
and amount of bone apposition as well- as the existence of
resorptive activity courd be determined at the end of the
longiLudinal study period.

The problem of interpreting the measurement of
coronal apposition in a certain cross-section has been

discussed. The determination of site locations and

accuracy in sectioning could'be possible sources of
differences between observers. A standardized method of
site location was used in this study.

The occurrence of a typicar growth curve configura-
tion for each of the study groups (Figure 5) was interpreted
as an indication that the generalized influences
governing bone growth had been infruenced in a particurar
way for each of the different types of surgical inter-
vention. The importance of circulatory disturbances to
bone growth patterns h-as been discussed in thre literature.
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variations in th-e degree of functional stress loss (sunden,

L967; Nikitjuk, 1968) would affect the blood distribution.
since the blood supply of portions of the rat mandible is
derived from the artery running with the muscle (Huel-ke

and castetli, 1965), the coronoid, condyrar and angular
processes would be essentially deprived of a bIood. supply
until a collateral circulation was established. At autopsyr

it was discovered that the masseterectomy group had ind.eed

established a significant collateral circul-ation.
Although the recorded mean weight differences between

groups were not statistícal1y significant, the possible
role of feeding problems cannot be discounted, variations
in nuÈrition may have influenced the grovrth curve patterns
of the experimental groups.

The mechanisms responsible for the growth curve
configurations, particularry the interesLing biphasic response

of the masseterectomy group, remain.unknown. Further
investigation into the change in chemical activities
associated with surgicar intervention may provide a

disclosure of these sophisticated controls.
Examination of the general growth curves supported

Schour and Massler (1951) and Baer (1954) in their contention
that two periods of growth can be distinguished in the rat.
The time of changeover to the second phase was placed at
60 and 20 days, respectively. The age of animals in the
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BC period of the present study, where tb-e slope of the

normal curve decreases rapidly, sras approxlmately 35 to

40 days.

The purpose of including a sham operation group

in the study was to assess the contribution of features

such as scar tissue formation, bleeding, facial nerve

transection, possible interference with the parotid

duct and damage to the temporal fascia in the development

of alterations usually ascribed solely to removal of the

masseter muscle (Horowitz and Shapiro, 1955¡ Pratt, L943) .

That these features did account for some measure of the

observed alterations was indìcated by the finding of

significant differences in bone apposition between sham

operation and normal groups. The sham group experienced

early rate declines but showed a recovery phase and usually

achieved. total growth not significantly different from

normal.

It is difficult to draw a general conclusion wlren

comparing the intensity of disturbance in the masseterectomy

and extraction groups. At Some sites, the masseterectomy

group showed the slowest growth while at other sites the

extraction group was most affected. On the majority of

occasions the measured difference between these two groups

was of reasonable magnitude but did not demonstrate
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statistical significance. Both masseterectomy and

extraction groups were affected more than the sham group.

This was an expected conclusion.

Mandible

The lower incisor occupies a large portion of
many of the mandibular cross-sections. It erupts continu-

ously and is probably a dominant factor in the deter-
mination of growth of the body of the mandible. Throughout

the study, it was found that significant incremental

differences between operated and unoperated sides indicated
the presence of a localized, specific effect directly due

to the unilateral feature of the surgical intervention.
By way of explanation, signifÌcant side differences \^/ere

found in sites related to the incisor in the symphyseal

and Post Symphyseal Region.

Normally, inferior drift of the incisors occurs

2Þ, times faster than buccal drift to accomodate the

reducing curvature of the incisor with anteroposterior
eruption and its greater increase in height than width.
rn the masseterectomy group. decreased inferior drift
corresponded to the gross observatìon of a more pronounced

incisal curvature and slower eruption rate of the incisor
qn the right side (Sites 2 and 3). Further support for
these adJustments is provided by ttr-e growth of sltes I and

4" This grrowth alteration functions to combat the
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deviation of the incisors to tt¡-e right side establìshed

by a shift in mandibular orientation immedìately following
masseterectomy (Horowitz and shapiro, L955) . The extraction
group demonstrated another mechanÌsm for diminishing the

possible incisor deviation due to unilateral function loss.
The buccar drift adjustment occurred rater since the shíft
in mandibular orientation in the cross-sectional prane

was more gradual. The final amounts of buccal drift were

not significantly different for the two groups.

The impressive increase in inferior drift of the

extraction group was also not an immediate reaction and

was likery an adaptation to the altered mandibular position
(closed bite). As expected, the gross specimen showed a

normal or lessened incisal curvature. possíbly the incisor
growth rate was increased in response to demands prod.uced

by the loss of molar teeth. This contention brings to
mind that the extraction group rates showed less weight

deficiency than did the masseterectomy animals, and

therefore may have been better nourished"

Examination of the lingual surface growth curves

(Figures 26, 27 and 28) reveared that the unoperated sides

grew faster. Such a findìng is in agreement with, and

further support for, the tendency for bone apposition to
accomodate for discrepancies produced by translatory shifting
of the mandible due to the functìonal intervention. The
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lingual surface in the Retromolar Region dùd not sh-are

the pattern (Figure 291 probably because its locatlon
was quite near the inferior border and it is also the

region where the body of the mandibre is created by large
amounts of apposition. A sÌmilar case appried to site 27

(nigure 37).

One of the older tenants of the rel-ationship of
form and function stated that a decrease in (or loss of)

muscle function would resurt in a decrease in the growth

rate of Lhe bone forming the muscle attachment. A

consequent diminution in size is an accepted observation

supported by numerous investigations cited in the

Iiterature review.

A pattern of altered growth directj_on and a dramat,ic

increase in growth rate was observed at muscle attachments

on the operated side of the masseterectomy group. The

details of this mechanism, which ends in the "burying"
of the muscle attachment in newly formed bone, were given

in the result section.

Conversally, the probable increase in functional
stress at attachments for the external pterygoid and

suprahyoid muscles (digastrìc) did not show an increase

in growth rates (rigure 38).

The inferior border sites detail the development

of th-e antegonial notch by dìfferential appositìon rather
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than by resorption as in the human. The growth differences
between left and right sides account for the dirninished

concavity of the antegonial notch. seen on the operated
sj-de of the masseterectomy group.

The general growth curve for the normal group is
markedly curved from A to c. After the third stain, the
approximation to linearity is good. This would explain
Jacobson's (1969¡ finding of correlation between growth

sites on the inferior border of the mandible only after
the third stain line. rt is unlikely that the suggestion,
that an influencing factor (the l-ower incisor) only begins

to have effect after 5 weeks of â9e, is valid. The test
of correlat,ion co-efficients is inappropriate for the

entire experimental period as it is a test for linearity.
Alveolar process bone deposition \tias dramatically

increased on the operated side of the extraction group.

This finding agrees with reports of over-eruption of
unopposed teeth. Growth rates were not the same on buccal
and lingual sides. The greater lingual apposition rate
was deemed necessary to keep the 1ingual1y inclined morars

erupting vertically.
The third molar ùs i.n the process of erupting into

occlusion at about 40 days of age which may account for the
greater increase in alveolar bone as compared wÍth first
molar measurements. A finding by shlere and Manly (1952)
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that masticatory efficì.ency does not reach- its peak until
a certain tooth has been ln the mouth- for some time ls
also of interest in this regard,

Horowitz and Shapiro (1955) found greater degenera_

tion of the alveolar process on the operated side. This
could not be substantiated in the present study since
the retardati-on occurred. on both sides to the same extent.

Dentin formation curves manifested a growth
pattern distinct from the ske]etal pattern. The reduction
in dentin formation of the extraction group was shown not
to be a function of the older starting age of these
animals. A discussion of these findings is found with
the results.

Contrary to the mode of development of the human

mandible there are two directions of area relocation in
the rat mandible. The well documented length increase

by backward growth of the ramus region and the conseguent

area rel-ocation of this portion into more anterior struc-
tures was illustrated by the Retromolar Region (Site 25)

In the Symphyseal Region, apposition in an anterior
direction \^/as associated with contìnuing incisor
eruption. The structures in the Symphyseal Region were

consequently relocated toward the future post Symphyseal

Region. It would be assumed that a relativety "stationary,'
area could be located somewhere between tll-ese two independent
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relocation occurrences. The examination of stain line
patterns in the post Symphyseal Region revealed that
this area \^ras undergoing the least remodelling (i.e.,
relocation). It was interesting to note the proximity
of the mental foramen to the proposed area of least relo-
cation.

The pattern of trabeculation of the mandibre for
the operated side of the masseterectomy group showed the
immature design illustrated by a young member of the
extraction group in Fi.gure 76. This observation compares

with the findings of Horowitz and Shapiro (1951). The

loss of functional stress is rel-ated to a lack of maturation
of the tubecular bone pattern.

Cranium

The most emphasized sequal of the unilateral
masseterectomy procedure is the finding of deviation of
the rostrum towards the unoperaLed side. The literature
review sites a number of references that support this
observation. The degree of asymmetry determined by

subjective. evaluation of the gross specimen was considerably
less than that illustrated by other observers. Examination
of the gross specimen in the coronar plane revealed a

"torgueing" of the entire nasopremaxillary complex so that
the tips of the maxillary incisors deviated to the right.
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The nasofrontar suture was seen to be the adJustment site
for this alteration which is the result of the unopposed

pull of . the anterior portion of the left masseter muscle.

A minimal amount of deviation in the rateral plane was

observed. It was often difficult to subjectively
evaluate the extent and direction of the lateral deviation
due to the optical illusions resulting from viewing the

convex dorsal surface. The position of the temporar ridges

also tend.s to affect th-e judgement of arignment of cranial
vault and snout. These difficulties were shared with other
observers. rt was, therefore, necessary to use an objective
method of evaluation of asymmetry. The almost symmetrical

appearances of the crania in nig. 77 emphasizes the problem.
The incisors of the masseterectomy animal can be seen to
be deviated to the right.

The nasal cavity manifested a generar form of
development marked by external apposition and internal
resorption. The increase in width occurred faster than

increase in height in the rncisor Region but the opposite
was true in the more posterior premaxillary Region. A

decreased rate of vertical development was noted for the
extraction group not only at the paratal sites r¡hich hrere

directly affected by the molar extractions but arso at
the dorsal surface sites. specific events were discussed

with the results



225.

1. Extraction Group (young age)

2. Control Group

3. Masseterectomy Group

Figure 77.
Operated sides are

Evaluation of
on the left.

Cranial Asymmetry.
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The cranial vauIt, in contrast to the nasal

cavity, showed apposition on the ectocranial as well as

endocranial surfaces of the vault. Increases in width

were mediated by sutural growth rather than internal
resorption. A relocation in the superior direction by

apposition on superiorly facing surfaces \,vas contrasted

with inferior drift in the nasal cavity regions. The

total effect of these two processes is the flattening of
the dorsal curvature in the sagittal plane as age progresses.

The endocranial and ectocranÌal sites grew independentry.

A reversal in relative growth rates v¡as discussed in the

results.

The muscle attachments on the cranium behaved

similarly to the pattern discussed for the masseteric

ridge of the mandible.
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SUMMARY AND CONCLUSIONS

A review of opinions regarding the interrelationship
of bone form and functional stress mediated through soft
tissues revealed numerous disparities in proposed explana-

tions. The difficulties associated with subjective
evaluation of gross specimens demonstrating induced

aberrations have been cited as a causit.ive factor in
prompting contradictory findings. The value of more

reliable assessment'methods to investigate the sequelae

of unilateral masseterectomy or mol-ar extractions was

apparent and the present study utilizíng a fluorescence

microscopy technique conbined with sequential vital staining
was undertaken. The objectives were:

(1) Description of morphological alteratj-ons (in the

coronal plane) resulting from a change in function by

means of the parameters of bone growth rate and direction.
(2) Assessment of the relative contribution of trans-
formation and translat.ion in achieving the altered growth

pattern.

(3) Examination of the validity of gross skeretar findings.
(4) Development of general postulates regarding the

mechanisms of bone growth alterationS.
The subjects were male Long Evans strain rats.

Three experimental groups, comprising 30 animals and
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consisting of an extraction grouPr a masseterectomy group

and a sham muscle operation group were examined and their

bone growth measurements (cranium and mandible) were

compared with those of a matched control group. A

standardized technique involving a sequence of five vital

stains, which produced fluorescent bone markings, was

used to microscopically assess bone growth increments

throughout a 7A-d,ay experimental period. Both linear

and coordinate analyses \,vere generated.

A total of 30 sites in six cross sections of the

mandible and 58 sites in seven coronal sections of the

cranium were investigated" Statistical evaluation of

growth differences between seven subgroupings was achieved

using the Duncan multiple range test for each growth

increment studied, after the usual sLatistics for mean

differences had been compiled. Graphical representation

of growth rates allowed visualizaLíon of important

alterations.

Numerous important findings, often at odds with

widely accepted postulates, v¡ere derived from the mass

of quantified data. Some of the deductions that were

derived as a consequence of this study folIow.
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1. Each type of functìonal alteration ìs associated
with a characteristic bone growth curve configuration that
is typical of the maJority of growth sites. systemic or
generarized differences are held responsible for the
pattern differences.

2. Specific arowth curves are associated with
sites that were directly affected by the particular mode

of surgical intervention. These sites comprise the signi-
ficant findings as they manifest the adaptive mechanisms

and are usually associated with side differences in bone

apposition rates. The latter is a consequence of the

unilateral feaÈure of the experiments.

3" The mechanism of development of asymmetry is
mediated by sutural- adjustments. The associated remoderling

process tends to reduce the asymmetry rather than produce

it. There is a tendency for a maintenance of symmetry

demonstrated by the warping of the mandible on the operated

side of the masseterectomy animals.

4. The rat mandible develops differently from the

human mandible because of the i,nfluence of the continuarry
erupting lower incisor. Both anterìor and posterior directions
of area rel-ocation \¡/ere revealed. The Post Symphyseal Region

undergoes the least area reLocation and is associated wÌth
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the mental foramen.

5. The removal of the masseter muscle produces an

increase in bone appositìon at the operated muscle attach-
ments (masseteric ridgel but a change in the direction of
bone growth to yield a gradual obriteration of the muscle

attachmenL prominence. An increased rate of growth also
occurs on the zygoma of the operated side in contradis-
tinction to the "atrophy" that has been reported. Bone growth

occurrences can be better assessed by microscopic inspection.
6. sites of muscle attachment for unaltered muscles

(temporalis and digastric) do not display a growth

stimulation due to a greater functional demand. rnstead a

growth retardation following the non-specific pattern is
to be expected.

7. The generalized growth reduction of the

masseterectomy and extraction groups show significant.
differences during certain intervals but similar amounts

of total growth.

B. The ectrocranial and endocranial surfaces of the

craniar vault grow indepen¿ently and undergo a reversar in
their relative apposition rates as maturation progresses.

A superior drifting of the cranial vault associated with an

inferior drifting of palate results Ìn a graduar decrease

of the sagittal plane kyphosis of the craniofacial complex.
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The flattening of the cranial vault Ìn the coronal prane

is the result of "hinging,, at the sutures (translation of
bones), differentiar rates of apposition at the sutural
area and the area of greatest curvature; and increasing
prominence of the temporal line. Resorption occurs on the

endocranial surface near the midsagittal suture.

9 - The decreased amounts of bone growth recorded

as a result of functional intervention ar.e âssociated with
a retardation of maturation. Trabecular patterns fail to
mature on the operated masseterectomy hemimandìble. The

growth dominance reversal of ectocranial and endocranial
surfaces is retarded and the immature degree of lower

incisor curvature is retained in sone experimental groups.

such changes are more pronounced on the operated side.
10. Incidental surgical interference, that is not

commonly differentiated from the effect of removal of the

masseter muscle alone is responsible for a measure of
deviation from normal development. such deviations were

commonly not statistically significant. The sham operation
group often grow more than normal suggestìng that the

healing responses to a mìnimal- surgical interference may

stimulate growth via a cìrculatory enhancement. The

importance of variables oth-er th-an those studred Ìs
recognized in esLablishing causative relationshlps.
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1I. A longitudinal desìgn utìlizÌng sequential
vital staining and fluorescence mìcroscopy as described

herein is an effective method of assessing the amount and

direction of bone growth. such ìnformation is a prerequisite
to hypotheses regarding bone growth alteration.
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APPENDTX T

NORMAL MANDIBLE

I4EANS AND STANDARD DEVIATIONS OF THE
STANDARDTZED COORDINATES IN MILLIMETERS

ORIGINAL

SD

FTNAL
Region Site

SD SD SD

XT

XÏÏ

XITI

XTV

XV

XVT

1(D)
2
3 (o)

4 (o)
5 (D)

.6
7
I
9

12 (D)
13
I4
15
16 (o)
L7
18

le (D)
20
2I
22 (o)
23

24
2s (D)
26 (o)
27

28
2e (D)
30 (o)

1.68
L. 44

0

0
L.47
3 .37
2.89
1. 85
0.69

3.07
2 .06
0.26

-0.27
0

1.18
3.08

3.54
2.69
0. 75

0
L.67

3.02
0.69

0
0.31

4.38
2.48
0.39

0.37 0
0.17 0.34

0

0
0.24 0
0.37 -0.820.31 -l-.46
0 .26 -1. 85
0.34 -1. s8

0.19 0
0.26 -1.330.19 -2.8I0.38 -I.76

0
0 .29 1. 13
0.36 2.02

L.20 0
1. 16 -0. 39
0.22 -1.59

0
L.42 1.00

0.62 I.r4
0.08 0

0
0. 30 0 .69

0.45 -1.050.75 -0.290.23 -0.21

2.0r
0.11 1.04

-0.03

-0.18
1. 51

0.39 4.01
0. 40 3.50
0 . 31 L.79
0.18 0.62

3.79
0 .2I 2.24
0.23 -0.15

-.34 -0.60
-0.52

0.2L 1.09
0.38 3.70

4.45
0.13 2.88
-.52 0 .49

-0. 35
0.28 1.53

I.14 3.69
0.85

-0.23
0.09 0.14

0. 16 5 .L2
0.01 3.01

0

-0.03 0.06
0.45 0.13
0. 17 0.09

0.03 0.09
0. 15 0.15

-1.05 0.41
-1.67 0.34
-2.2I 0.16
-L.73 0.23

0. 70 0 .20
-l-.49 0.19
-3. 16 0 .24
-I.52 0.29
0. 11 0 .I2
L.23 0 .23
2.50 0 . 33

0.32 0 .2L
-0.64 0. 16
-2 .00 0 .49
0.12 0.42
1. 16 0 .32

1.09 1.35
-0.38 0.15
-0. 13 0.11
0.99 0.ls

-0.77 0.37
0
0

0 .15
0.14
0.03

0.14
0.20
0.25
0.24
0.31
0.34

0.29
0.38
0.42
0.22
0. 14
0.29
0.27

I.2L
1. 15
1.04
L.26
r.46

0.52
0.14
0.06
0.41

0.52
0.60

o
D

Point
Point

of
of

origin.
X direction.
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APPENDIX TI

OPERATED STDE MASSETERECTOMY MANDTBLE

MEANS AND STANDARD DEVTATTONS OF THE
STANDARDTT,ED COORDTNATES TN I4TLLIMETERS

Region Site ORIGINAL

SDY
FINAL

SDSDSD

XI

XÏÏ

XIIT

XTV

XV

XVT

1(D)
2
3 (o)

10
11
12 (D)
13
L4
15
16 (o)
I7
18

le (o)
20
2L
22 (D)
23

24
2s (D)
26 (o)
27

2B
2e (D)
30 (o)

1.58
1. 30

0

0
1. 60
3. 36

I.75
0.76

4.95
4. 45
3. 16
2.06

-0.13
-0. 36

0
1.98
3.06

0
0.57
2.68
3.25
L.28

4.09
0.63

0
0.30

4.48
L.97
0.28

4 (o)
s (D)
6
7
I
9

0.33 0
0.29 -0.12

0

0
0.14 0
0.25 0.66

0.26 r.75
0.24 1.45

0.49 -1.45
0.34 -1.13
0.34 0
0.42 1.13
0.01 2.55
0.38 1.38

0
0.60 -L.73
0.48 -1.95

0
0. 16 -0.10
0.11 -7.26
0.13 0
0.38 I.72

0.10 -1.10
0.08 0

0
0.16 -0.56

0 .6 3 I.02
0.23 0.15
0.15 0.14

r.82 0.32
0.32 L.r7 0.30

0 .01 0 .06

-0 .14 0 .05
. L.62 0.15

0.31 3.93 0.32
3.25 0.19

0 . 11 L.69 0 .26
0.13 0.67 0.25

o .49 4.72 0 .49
0.34 4.38 0.32

3.72 0.26
0 .2L 2.20 0 .44
0.06 -0 .77 0 .48
0.37 -0.68 0.36

-0.38 0.38
0 .27 I.9 4 0 .76
0. 17 3.42 0 .67

-0.57 0.11
0.08 0.53 0.15
0 .24 3.06 0.18

3. 87 0.27
0.2I L.37 0.39

0.69 4.38 0.46
0. 81 0.11

-0 .20 0.07
0.35 0.23 0.20

0.15 4.63 0.64
0.05 2.75 0 .73
0.I2 0

-0.03 0.06
-0.25 0.32
-0. 15 0 .06

-0.08 0.03
-0.06 0.06

0. 88 0.31
1.63 0.27
2.09 0 . 15
1.63 0.15

-L.48 0 . 45
-1. 31 0 .34
-0 .46 0 .17
I.25 0 .20
2.58 0 .42
I.28 0.38
0.01 0.33

-1.89 0.35
-2.29 0.29

-0.06 0. 13
-0 .28 0.09
-1.62 0.19
-0.63 0.19

1. 85 0 .2L

-1.03 0.66
0.32 0.10
0. 13 0.09

-0.70 0.34

0.73 0.ls
0
0

o
D

Point
Point

of
of

origin.
X direction.
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APPENDIX ITI

UNOPERATED SIDE] MA,SSETERtrCTOMY MANDIBLE

¡4EANS AND STANDARD DEVTATIONS OF THE
STANDARDTZED COORDINATES IN MTLLIMETERS

Region Site ORTGTNAL

SDY
FINAL

SDSD SD

XÏ

XIÏ

XTIÏ

XÏV

XV

XVÏ

1(D)
2
3

4 (o)
s (D)
6
7
I
9

10
11
12 (D)
13
I4
15
16 (o)
T7
18

Ie (o)
20
2L
22 (D)
23

24
2s (D)
26 (o\
27

28
2e (D)
3o (o)

L.46
\.26'

0

0
1.63
3.s6

7.99
1. 00

4. 83
4.34
3.08
2. L4

-0.25
-0.30

0
L.79
3. 17

0
0.72
2.75
3. 40
1.54

3.54
0.65

0
0.31

4 ,66
2.95
0.21

0.18 0
0. 17 0.14

0

0
0.16 0
0.12 -0.50

0.2I -1.70
0.20 -1.60

0.31 1.57
0.25 I.26
0.24 0
0 .27 -1. 15
0. 53 -2.4r
0.24 -1.61

0
0.41 1.59
0 .24 2.16

0
0.18 0.I2
0.02 1.36
0.11 0
0.13 -1.6s

0.65 1.68
0.10 0

0
0.35 0.67

0.54 -0.97
0.62 -0. 19
0.07 -0.16

7.69 0.15
0.11 I.07 0.14

0 0. 03

-0.14 0.06
I.66 0.15

0.07 4.35 0.2L
3.55 0.I7

0.06 1.99 0.25
0.10 0.93 0.20

0.27 4.58 0.28
0.22 4.23 0.26

3.65 0.21
0.26 2.29 0.28
0.33 -0.55 0.42
0.26 -0.63 0.21

-0.25 0.12
0.39 1. 71 0 .42
0.31 3. 53 0.26

-0.60 0.19
0. 18 0 .64 0. 17
0. 19 3. 11 0. 18

4.07 0.22
0 .24 1.60 0. 15

I.25 4.33 0.58
0. 83 0.15

-0.20 0.05
0 .28 0 .23 0 .28

0. 19 4.79 0. s4
0.04 2.97 0.s6
0.05 0

0.02 0.09
0.30 0.06
0. 11 0. 06

0.08 0.04
0.14 0.05

-0.53 0.17
-1.50 0.11
-2.0 7 0. 10
-L.76 0.09

1.59 0.25
I.42 0.23
0,49 0.13

-L.28 0.27
-2.89 0.27
-1.56 0.27
0.08 0,06
L.67 0.38
2.50 0.32

-0.15 0.11
0.35 0.17
I. B0 0 .22

-0.16 0.08
-1.75 0.20

I.24 0. 83
-0.33 0. 11
-0.10 0.08
0.90 0.18

-0.71 0.17
0
0

of
of

o
D

Point
Point

origin.
X direction.
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APPENDIX IV

OPERATED STDE SHAM MANDIBLE

MEAATS AND STANDARD DEVIATIONS OF THE
STANDARDTZED COORDTNATES TN MILLIMETERS

ORIGINAL FINAL
Region Site

SDSDSDSD

xï

XIÏ

XITÏ

xïv

XV

XVI

1(D)
2
3 (o)

t0
11
12 (D)
I3
L4
15
16 (o)
L7
18

le (o)
20
2L
22 (D)
23

24
2s (D)
26 (o)
27

2B
2e (D)
30 (o)

I.6 4
1. 31

0

0
1. 60
3.48
2. BB
1. 8I
0. 84

4.78
4. 43
2.95
t. 90

-0. 4t
-0 .37

0
L.46
2. 87

0
0.64
2 .83
3.27
1.36

3.0I
0.69

0
0. 37

4.7 4
2.53
0.22

4
s (D)
6
7
8
9

0.18 0
o .26 -0.23 0.11

0

0
0.19 0
0.20 0.'q4 0.16
0. ls 1.09 0.09
0.23 1.69 0.07
0.20 I.49 0.L2

0.51 -r.72 0.27
0.47 L.49 0.29
0.34 0
0.42 1.45 0.37
0.32 2.65 0.L7
0.24 L.69 0.13

0
0.34 -1.41 0.26
0.45 -2.04 0.24

0
0.16 -0. 16 0 .2r
0.ls -I.27 0.38
0.14 0
0.73 1. 45 0.56

0.24 -2.45 0. 11
0.11 0

0
0.19 -0.69 0.07

0.78 0.98 0.30
0.50 0 .L7 0.02
0.08 0.04 0.11

1.95 0.16
L.07 0 . 16
0.01 0.05

-o .L2 0.0 4
1.69 0.20
4.23 0.31
3.4L 0. 19
1. 85 0.27
0.77 0.2L

4.53 0.57
4.39 0.45
3.64 0.42
2.05 0,45

-0.76 0.32
-0.73 0.21
-0.30 0.13
L.42 0.38
3.63 0.43

-0.86 0.15
0 .56 0. 14
3.00 0.14
3.91 0.17
L.L7 0.61

4.56 0.68
0. 86 0.14

-0. 16 0.05
0.25 0.25

5.39 0.98
3.13 0.68

0

-0,10 0.74
-0. 39 0.10
-0.14 0 .0 I

-0.09 0.06
-0.13 0 .07
0.77 0 .2L
1.5s 0. 15
2.08 0.11
I.7r 0 .L2

-L.7 B 0 .27
-r.69 0.29
-0. 71 0 .26
1.55 0.39
2.94 0.L7
L.62 0.16

-0.06 0 .06
-1.51 0.26
-2.59 0. 31

0 .20 0.17
-0. 40 0. 19
-L.77 0 .49
0.17 0.13
r. 83 0.55

-1.09 0. 78
0.38 0.11
0.07 0.07

-0. 87 0.13

0 .90 0 .28
0
0

of
of

o
D

Point
Point

orLgr-n.
X direction.



244.

APPENDIX V

UNOPBRATBD SÏDE SFIAM MANDIBLE

MEANS AND STANDARD DEVTATTONS OT THE
STANDARDTZED COORDINATES TN MILLIMETBRS

ORIGINAL

SDY
FÏNALRegion Site

SD SD SD

XT

XÏÏ

XTIT

XIV

XV

XVÏ

1(D)
2
3 (o)

4 (o)
5 (D)
6
7
B

9

10
11
12 (D)
13
L4
15
16 (o)
L7
18

le (D)
20
2L
22 (D)
23

24
2s (D)
26 (o)
27

2B
29 (D)
30 (o)

L.44
t.2r

0

0
1. 56
3. 41
2.86
1. B0
0. 87

4.7 4
4. 33
2.93
1. 91

-0.43
-0. 41

0
1.58
2.94

0
0 .62
2.76
3 .27
1. 33

4.00
0.76

0
0.45

4.98
2.63
0.19

0.25 0
0,25 0.13

0

0
0.08 0
0.20 -0.48

0 - L.44
0.17 -1.65
0.14 -r.46
0.33 1.69
0.33 L,42
0.22 0
0.35 -r.40
0.38 -2.68
0.30 -I.64

0
0.23 1.39
0.19 1.98

0
0.18 0.17
0.05 r,24
0.11 0
0.33 -1, 61

0 1.00
0.08 0

0
0.11 0.68

0.52 -1.07
0 -0.22

0.03 -0.09

1.78
0.13 0.96

0

-0.13
1.60

0.24 4.r9
0 3.32

0.13 1.80
0. 09 0. 81

0.26 4.54
0 .28 4.29

3,64
0.37 2.06
0.L2 -0.90
0.15 -0.79

-0.20
0.33 1.53
0.31 3.59

-0.83
0. 09 0.54
0.06 3.08

4.05
0. 17 1.39

0 4.50
0.92

-0.14
0.08 0.27

0.15 5.34
0 3.14

0.03 0

0.32 L.74 0.27
0.28 1.59 0.33
0,29 0.64 0.13
0.36 -1.s3 0.39
0.50 -2.95 0.13
0 .31 -1.55 0. 17
0.09 0.08 0.05
0.25 1,48 0.34
0 .21 2.45 0 . 40

0 .32
0. 13
0.03

0.05
0. 06
0 .26
0.13
0.25
0.11

0. 15
0.16
0, 16
0.23
0.31

0.16 I.20
0.09 -0.37
0.08 -0.10
0.19 0.98

0.69 -0.86
0.55 0

0

0.03 0. 10
0.34 0.12
0.10 0.10

0.11 0.04
0.13 0 . 05

-0.52 0.23
-1.51 0.2L
-1.97 0.09
-1.66 0.04

-0.13 0.11
0.37 0.10
1.71 0.2L

-0 "25 0.13
-r.76 0.20

0.78
0.09
0.05
0.16

0. 13

o
D

Point
Point

of
of

orr-9r-n
X direction
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APPENDIX VT

OPBRATED SIDE EXTRACTION MANDTBLE

MEANS AND STANDARD DEVIATTONS OF THE
STANDARDTZED COORDINATES TN MTLLIMETERS

ORIGINAL

SD

FINALRegion Site
SD SD SD

XI

XIT

XTIT

XIV

XV

XVI

1(D)
2
3 (o)

4 (o)
s (D)
6
7
8
9

10
11
12 (D)
13
T4
15
16 (o)
L7
18

le (o)
20
2L
22 (D)
23

24
2s (D)
26 (o)
27

28
29
30 (o)

L.75
r.62

0

0
1. 86
3. 70

1.99
t. 13

6.I4
5.7s
3.s8
2.36

-0. 11
-0. 16

0
r.69
3 .62

0
0. 89
3 .25
3. 78
1. 81

0.77
0

0 .23

0.2L 0
0.16 -0.10

0

0
0.14 0
0.22 0.67

0 .24 1. 91
0.39 L.73

0.88 -1.68
0.76 -L.46
0.L7 0
0.23 L.29
0.30 2.63
0. 16 L.44

0
0.41 -1.30
0. 38 -2.17

0
0.32 -0.42
0 .22 -1. 61
0.29 0
0 . 36 r.2L

0.11 0
0

0.24 -0.71

2.06 0.37
0.19 1.38 0.32

0.03 0.03

-0.13 0.05
1.90 0 .16

0.28 4.I5 0.34
3.37 0.37

0.16 L.97 0.22
0.15 1.07 0.37

0. 3s 5.37 1.01
0.35 5.42 0.94

4.48 0.56
0 .24 2.49 0 .23
0.38 -0.32 0.52
0.29 -0.37 0.16

-0.18 0.07
0. 30 1.69 0 .42
0. 11 4.7L 0 .76

-r.26 0 .25
0.25 0. 83 0.29
0 .42 3.50 0 .24

4.21 0 .27
0.37 r.75 0.56

4.36 0. ss
0.95 0.13

-0.08 0.06
0.29 0.08 0.30

-0.03 0.18
-0.34 0.r7
-0. 16 0.05

-0.11 0.05
-0.09 0 .01
0. B0 0.33
1. 70 0 .29
2.2L 0 . 10
L.87 0. 10

-1.63 0.38
-L.43 0.33
-0.59 0.35
1.40 0.20
2. 85 0 .27
1.48 0.25

-0.06 0.04
-1.3I 0.30
-2.3 B 0.16

0.2L 0.28
-0.55 0.25
0.01 0.35
0.15 0.08
1.40 0.28

-2.I0 1.08
0 .25 0 .09
0.09 0.08

-0. 89 0.26

0. 17 0 0.10

of
of

o
D

Point
Point

or].gln.
X direction.
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UNOPBRATED

¡{EANS AND
STANDARDIZI.D

APPtrNDIX VTI

SIDE EXTRACTION MANDTBLE

STANDARD DEVIATIONS OF THE
COORDINATES IN MILLT}4ETERS

ORIGTNAL

SD

FINAL
Region Site

SDSDSD

XT

XII

XIII

XIV

XVI

1(D)
2
3 (o)

4 (o)
s (D)
6
7
I
9

10
1t
12 (D)
13
T4
15
16 (o)
I7
18

le (o)
20
2T
22 (D)
23

24
2s (D)
26 (o)
27

28
29 (o)
30 (o)

1.78
I.67

0

0
L.77
3.75

r.99
0.90

5.51
5.09
3.63
2 .33

-0.L2
-0.17

0
L.69
3 .57

0
0.93
3.22
3.7 4
L.7 3

2.69
0.72

0
0.27

s. 39
3.38

0.13 0
0 .2I 0. 15

0

0
0.13 0
0.19 -0.62

0.23 -1.93
0.14 -1.65

0.38 1.59
0.27 t.37
0.2L 0
0.27 -1.40
0 .22 -2.44
0.24 -L.62

0
0.24 I.23
0.36 2.09

0
0.10 0.38
0.13 I.44
0.13 0
0.2 B -L.47

0 2.97
0.09 0

0
0.28 0. 71

0.48 -1.08
0.24 -0.10

2.I0
0.10 L.2I

-0 .01

-0.12
1. B3

0 .20 4.26
3.53

0 . 19 L.99
0.09 0. 85

0. 13 5. 33
0.17 5.09

4.32
0.22 2.49
0.13 -0.51
0.18 -0.38

-0.09
0.15 L.66
0.18 4.29

-0. B3
0.16 0.81
0.38 3.38

4.24
0. 30 I.79

0 4.69
O. BB

-0.13
0. 10 0. 19

0.2I 5.60
0.09 3.45

0

0.13 0.02 0.06
0.14 0. 37 0. 10
0.03 0.10 0

0.04 0.10 0.04
0.15 0.L2 0.04
0.2L -0.73 0.27
0.24 -1.63 0.22
0 .2L -2.II 0 . 14
0.16 -7.82 0.07

0.08
0.26
0.34
0.31
0.25
0.30
0.18
0.22
0 .32

r.67 0.14
L.52 0.17
0.61 0.30

-1.56 0 .22
-2.83 0.21
-1,59 0 .18
0.06 0.09
I.26 0 . 15
2.50 0 .22

0.1r -0.2L 0.11
0.09 0.63 0.18
0. 16 1.95 0 .29
0.11 -0. 19 0.14
0.29 -1.55 0.3s

0.58 I.22 L.49
0.0 8 -0 .24 0.09
0.08 -0.08 0.07
0. 33 0 .92 0. 15

0.58 -0.95 0.21
0.20 0

0

XV

o
D

Point
Point.

of
of

orrgln.
X direction.
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APPENDIX VIII

NORMAL CRANIUM

MEANS AND STANDARD DEVIATIONS OF THE
STANDARDTZED COORDINATES IN },IILLIMETERS

ORIGINAL

SD

FINALRegion Site
SD SDSD

ïï

1(o) 0
2 0.89
3 4.20
4 8.20
5 8.03
6 (D) 7 .67

7(o) 0
I -0. 32
9 6.06

10 7.37
11 7.8s
12 8.13
13 (D) 7 .92

14r
14 (o) 0.3e
15 0.50
L6 2.4L
L7 4.30
18
19
20
2L 11.38
21'(D)10.71

22'(Ol
22 0.15
23 1. 87
24 6.75
25 10.76
26 1I.19
27 (D) 10 . s0
28 10.45
29

0.01 0.13 0.06
0.32 1.06 0.14
0 .6 B 2.9L 0 .44

0 1.90 0
0.36 0 .67 0.14
0.39 0.23 0.09

0.02 0.19 0.09
0.2L 0.94 0.83
0.54 2.76 L.49
0. 36 2.33 0 . 16
0.44 2.09 0.24
0.36 0.49 0.29
0.48 0.13 0.L2

0.08 0.I2 0.07
0. 19 2.L3 0 .37
0.45 4.08 0.30
0.40 s.7L 0.41

0 2.38 0
1.01 0.86 0.07

0
0.28 1.15 0.26
0.46 3.30 0 .26
0. 48 2.37 0.35
0.44 0.64 0.13
0.47 0

0
0.25 0.93 0.84
0.66 3.49 1.83
0.39 2.33 1.30
0.48 L.87 1.10
0.38 0.50 0.29
0.47 0

0. 16 -1.95 0. Bg
0

0 .22 2.L0 0.38
0.48 4.22 0.26
0.s6 7.r3 0.43
0. 43 4.56 0 .49
0.34 2.29 0.44
0.38 1.81 0.43
0.4s 0.94 0.39
0.36 0

1.08
2.64
0.22
0.50
0.66

0
0 .2I

0
1. 00
4.29
7 .4s
8.11
7 .77

0

-0.57
6.39
7. 30
B. 17
8.37
7 .93

0.76
0

0.28
2.33
5.L7
8.34

10.82
10.49
11. 12
11.06

0
-0 .32

1. 86
6.33

11. 32
11. 70
r0.72
10.66
7.00

0.18
0.33
0.53
L.22
0.40
0.51
0.41
I.3B

0

-1. B3
-4.31
-3.41
-2.70
-1. 51

0

-1.05
-0 .49

1.05
2.43
1. 84
1.53
0.71

0.60
0.34

ITT

IV
0.45 -1.83
0 .24 -4.06
0.66 -3.93
0 ,44 -2 .93
0 . 31 -I.67o -0. zo
0.64 -r.36

[Continuedl
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APPENDTX VTTI (CONTINUED)

ORTGINAL

SDY

FÏNAL
Region Site

YXX SD SD SD

V 30
31 -2.68
32 -4.96
33 (O) -0.62
34 6. s5
35 8.1s
36 7.45
37(D) 8.13

38 -1.33
3e (o)
40 -2.33
4L -r.2242 2.24
43 1.68
44 2.90
45 7.70
46 7.r8
47 8.52
48 B.zL
4e(D) 10.04

s0 (o) 0. 13
51 -0.6s
52 3.59
s3 4.94
54 9.76
55 L0.27
56 11.49
57 L2.24
s8(D) 13.38

0 9.BB 0
0 0.98 0
0 -0.87 0

0.47 4.68 0.33
0.68 2.L4 0.44
0.67 1.90 0.60
0.41 0.09 0.02

0.23 0.09

0.16 -I.70
0.27 -2.65
2.70 -5.38
1.15 -7.58
3. 35 -6 .28
3.59 -4.84
3.25 -4. 43
3. 19 -2 .77
2.95 -2.68
0.24 -0.30

-2.60 0. 86
-4.27 0.43
-1.01 0.33

0
7.44 0.46
8.30 0.61
7.25 0.63
8.50 0.58

10.34 0.53
12.37 0 .49
-0.67 I.L7

0
4.92 0 . 40
2.20 0 .46
L.82 0.53

0

0.40 -0 .28 1.43
0

0 .70 -0. 3 3 4.35
0 .46 -I.29 3. 36
2.45 -5.65 4.75
3.19 -8.07 6.78
3.07 -6 .6 B s.39
3 .57 -4 .87 3 .2L
3.22 -4.42 3.10
3.07 -2 .82 1. 86
2.83 -2.66 1, 89
2.26 0

VÏ

VIT

0.12 -1.13
0

0.61 -1.80
0.46 -0 . 70
5.21 2.40
6.70 0.70
5.88 3.04
3.26 7.98
3.0 8 7 .07
1.86 8.91
L.92 g.0g
0.10 9.04

0.06
2.2L
2.79
1. 89
2 .37
0.28
r.42
0.65
0.55

-0.17 0.14
-3.6 6 2.56
-5.97 1.55
-6.35 0.73
-5.10 0.51
-5.36 0.40
-2.88 0.57
-3. 15 0 .82
-0.26 0 .24

0

-0.86 2.I4
3.06 3. 33
5.30 2.48
9.57 L.67

L0.29 1.84
IL.2 B 1. 35
L2.09 t.37
L2.79 0.9 8

0

-3.73 2.46
-s .9 4 r.45
-6.9 4 0. 89
-4.93 0.46
-5.75 0 .32
-2.89 0.55
-3.28 0.63

0

o
D

Point
Point

of origin.
of X direction.
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APPENDIX IX

OPERATED STDE MASSETERBCTOMY CRANIUM

MEANS AND STANDARD DEVIATIONS OF THE
STANDARDIZED COORDINATES IN MILLI},IETERS

ORIGINAL FINAL
Region Site

SD SD SD SD

ÏI

1(o)
2
3
4
5
6 (D)

7 (o)
I
9

10
11
12
13 (D)

*14 r

14 (o)
t5
16
I7
18
19
20
2L

*21 ' (D)

*221 (O)
22
23
24
25
26
27 (D)
2B
29

0
1. 01
4.44
7.02
7 .3L
7.IL

0.01
-0. 10
6.06
7. 10
7 .35
7.55
7.L9

0.25
0 .32
2.42
3.96

8.96
9 .39

0.01 0.08
0.38 0.58
0.65 2.33
0.57 1.39
0.54 0.15
0.55 0.10

0.01 0.L2
0 . 11 I.22
0.48 2.33
0 .42 I.67
0.42 1.66
0.49 0.09
0.40 0.04

0.09 0. 16
0.09 L.79
0.L2 3.99
0.20 5.29

0.31 1.11
0.44 0.73

0.11 1.60
0 .24 3.90
0.14 2. B0
0.37 2.24
0.34 r.46
0.29 0.04

0 1.10
0.46 -0. 37

0.04 0
0.06 1.06
0.40 4.34
0.13 7 .L7
0.07 7.43

0 7.11

0.04 0
0.08 -0.2r
0. 36 6 .92
0.07 7.05
0.09 7.65
0 .09 7 .7L
0.70 7 .I9

0. 15
0.05 0
0.20 0.18
0.28 2.34
0.24 4.82

7.06
9.93

0.02 9.57
0.08 10.00

9.64

0
0.13 -0.30
0.14 1.41
0.23 5.64
0 .12 10.56
0.24 10.64
0.06 9.78

0 9.60
0.55 6.L2

0
0.32 0.66 0.06
0.58 2.7I 0.13
0.61 1.50 0.15
0.55 0.15 0.08
0.s5 0

0
0.09 r.24 0.09
0. 56 2.92 0 .24
0.43 1. 84 0.L2
0.45 L.72 0.10
0. 43 0.0 I 0.09
0.41 0

0.L7 -1.5s 0.07
0

0.11 1.85 0.19
0 .20 4.09 0 .28
0.34 6.43 0.37
0.38 4.63 0.40
0.44 L.64 0.17
0.41 L.22 0.13
0.46 0.65 0.11
0.41 0

0
0 .10 1.60 0 .r2
0 .23 4. 11 0 .24
0.38 2.98 0.13
0 . 38 2. 31 0.13
0.37 1.41 0.25
0.32 0
0.31 1.40 0.27
0.35 -0. 15 0 . 35

TII

IV
0.23
1.33
5 .62

10.20
I0.27

9 .91
9.53
6.05

(Continued)
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APPENDTX IX (CONTTNUED)

ORIGINAL FINAL
Region Site

SDX SD SD SD

TV

V

*27 |

*2gl
rr29 |

30
31
32 (o)
33
34
35
36
37 (D)

* 371

38
3e (o)
40
41
42
43
44
45
46
47
48
4e (D)
50
51
52
53
54
55
56
57
5B(D)

*5 g' (o)

0. 14
0.6s
7 .4I
B. BO

B. 47
B. 85

-1.30
-0. 30
-I.66
-0.97
3.49
2.43
4. 00
B. 35
8. 17
9.33
9. 18
9 .27

-0.43
-0. 86

3.7 4
5.93
9.55
9.51

10 .91
11. 06
10. 85

0.05
0. 10
0.30
0. 18
0.36
0. 19

0. 15
0.14

0
0.19
0 .32
0.66
0.33
0. 38
0.41
0.34
0. 35
0.52
0.2L
0 .47
0. 39
0. 14
0 .55
0.69
0.41
0.35
0.L7

0 0.01
0. 45 0.0 B

4.70 0.33
2.L5 0. 33
2.06 0.37
0.04 0.05

0.02 0.10
0.01 0.01
L.74 0
2.03 0. 19
7.46 0.2r
9.7I 0.36
7 .97 0 .12
5.52 0.34
5.40 0.30
2.7L 0 .40
2 .58 0. 19
0.05 0.07
3.27 0.41
6.22 0 .43
7.65 0.27
7 .86 0 .02
5.51 0.51
5. 86 0 .26
2.87 0 .60
2.95 0.68
0.01 0.02

1.93 0.47
2.9I 0 .56
3.64 0.67

-0. 18 0. 19
-2.36 0.37

0
0.63 0.07
8.33 0.39
B. 81 0.26
B. 35 0. 36
8.63 0.32

-2.37 0 .L6

-1.13 0.16
0

-1.58 0.24
-0. B0 0.41
3.55 0.25
1.91 0.68
4.0s 0.37
8.52 0 .49
8.10 0.42
9 .48 0. 39
9 .09 0. 34
9.30 0.37

-0.61 0.2L
-0.97 0.55

3. 83 0.34
6.10 0.47
9.48 0.50
9.BB 0.60

10. 81 0.40
11. 13 0. 43
11.02 0 .4L

0

9.95 0.30
9. BB 0.37
9 .59 0 .46

I0.76 0. s3
3.43 0.40

0
0.47 0.14
4.7L 0 .23
2.L2 0.32
2.06 0 . 36

0
0.06 0.07

0.01 0.11
0

L.76 0.32
2.05 0.38
7 .35 0.23

L0.42 0.42
8.07 0 . 14
5.61 0.33
5. 36 0. 33
2.72 0 . 39
2,58 0. 19

0
3.09 0.47
6.36 0 .46
7 .75 0.25
7 .83 0.43
5.42 0.51
5 .79 0.45
2.86 0.62
2.9L 0.60

0
0

VÏ

o
D
*

Point of origin.
Point of X direction.
Prime numbered sites not included in linear analysis.
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APPENDIX X

UNOPERATED SIDE MASSETERECTOMY CRANIUM

MEANS AND STANDARD DEVIATIONS OF THE
STANDARDIZED COORDINATES TN MTLLTMETERS

ORTGINAL FINALRegion Þtt'e
SD SD SDSD

,1 0
2 0.96
3 4.22
4 6.94
5 7.33
6 7.r3

7 0.03
I -0.07
9 6.09

10 7. 10
11 7.29
t2 7.49
13 7.L9

*14f 0.37
14 0.84
15 1.55
16 4.31
I7 6.06
180
19 9.26
20 9.63
2L 9.64t2Lt 0

*22t 0
22 0. t6
23 1.43
24 5.52
25 10.23
26 l-0.29
27 9.90
28 9.95
29 5. 7I

0.01 -0.16
0.36 -0.66
0.43 -2.35
0.49 -1.51
0.54 -0.31
0.54 -0.27

0 .06 -0. 17
0 . 1r -r.32
0.50 -2.50
0.46 -t.74
0 .44 -L.7 4
0.41 -0.17
0. 40 -0. 16

0.20 -L.7L
0.14 -3.37
0 .28 -4.9 4
0.22 -6.L9
0.20 -6.90

0
0 -1.63
0 -0.96

0 .46 -0.60
0

0
0.17 -1.83
0 .2r -4.06
0.27 -3.06
0.35 -2.56
0.34 -r.74
0 .47 -0 .28

0 -r.490 -.08

0.07 0
0.15 1.01
0.56 4.28
0.09 7 .06
0.09 7.44
0.07 7 .I3
0.05 0.37
0.L7 -0.19
0.18 7 .07
0.09 7.05
0.14 7.62
0.06 7 .70
0.07 7.L9

0.11 0.18
0. t5 0.49
0. 30 t.42
0.52 4.39
0.41 7 .r4

8.75
0 10.52
0 10.02

0.13 I0.24
9 .62

-0 .01
0.19 -0.16
0.26 I.52
0.09 5.69
0.15 10.60
0. 25 I0.60
0.10 9.87

0 9.60
0 5.84

-0.08 0.08
-0 .72 0.11
-2 .76 0 .15
-1.62 0 . 13
-0.30 0.09
-0 .12 0 .06

0 .01
0.31
0.39
0.54
0.54
0.55

ÏI 0.07 -0.06
0. 10 -1.35
0.67 -2.95
0.46 -I.94
0.53 -L.77
0 .42 -0.18
0. 40 -0.09

0.15 -l-.76
0.13 -3.34
0.29 -5.06
0.31 -6.35
0 .46 -7 .65
0. 36 -5 .25
0.46 -1.65
0.43 -L.29
0 .47 -0.65
0.37 -0.06

0.03
0.36
0 .25
0.37
0. 45
0.40
0.28
0.33
0.40

-0.02 0.09
-1.84 0.15
-4. 30 0. 33
-3.24 0 .19
-2.65 0.20
-1.70 0.24
-0.28 0.14
-I.72 0.2I
-0.18 0.18

0 .05
0.17
0 .23
0.10
0.16
0.07
0.06

0.10
0.17
0.29
0 .46
0.63
0 .47
0.36
0 .17
0.11
0.06

III

IV

(Continued)
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APPENDIX X (CONTINUED)

Region Site
ORIGINAL

SDY xX SD

FINAL

SDY SD

TV

V

t 27'
*2Bl
*29 |

30
31
32
33
34
35
36
37

* 371

3B
39
40
41
42
43
44
45
46
47
48
49

0. 15
0.69
7 .44
8.73
8.44
B. 83

-1.30
-0. 30
-1. 90
-1.04

3. 43
2 .35
3.79
8.24
8.09
9.24
9 .07
9.80

2.27 0 .62 -10 .28 0 .54
2.87 0.3r -L0.22 0.54
3.63 0.75 -9.88 0.59

VÏ

vrr 50 -0 "7251 -1.13
52 3.46
53 5.7 4
54 9.34
55 9.66
56 10.30
57 11.07
5B 10.99

*5gl

0.05
0. 16
0.24
0 .29
0.56
0.22

0 0.01
-0.51 0.08
-4.73 0.35
-2.35 0.2I
-2.26 0.16
-0.07 0.05

0.15 0.02 0.11
0.14 0.01 0.01
0.23 -1.50 0.23
0 .09 -1.9 7 0.0 B

0.38 -7.47 0.23
0 .47 -9 .79 0 .42
0.28 -8.03 0.27
0.26 -5.6 4 0.26
0 .29 -5.5 4 0.24
0. 30 -3.0 B 0 .22
0.32 -3.04 0.23
0. 14 -0 .25 0.07

0 .19 -3.26 0 .36
0.43 -6.11 0.36
0.31 -7 .75 0.22
0.37 -7.84 0.08
0 .42 -5.72 0.18
0.25 -5. 84 0.11
0 .28 -3.09 0 .32
0 .22 -3. 30 0 .25
0 .20 -0 .2 B 0.19

0. 38 -10.76 0.55
0 .26 -3.5 4 0 .24

0
0.13 -0.56 0.07
0.40 -4.82 0.23
0.27 -2.29 0.28
0 . 33 -2.22 0 .22
0 .32 -0.09 0.09
0.16 -0.04 0.13

0.16 0.01 0.11
0

0.30 -r.72 0.16
0 .29 -2.05 0 .26
0.36 -7 .40 0 .22
0.68 -10.58 0.53
0 .27 -8.18 0.30
0.32 -5.80 0.30
0 .26 -5 .50 0 .22
0.33 -3.10 0.23
0.30 -3.05 0.24
0: 36 -0 .14 0.09

0.25 -3.08 0.38
0. 41 -6 .23 0. 35
0.33 -7 .84 0.2L
0.33 -8.I2 0.29
0. 40 -5 .64 0 .2L
0.48 -6.00 0.23
0.26 -3.06 0.31
0.30 -3. 15 0. 34
0.41 -0.22 0.L9

0

-0.29
-2 .37

0
0.66
B.3B
B. 83
8.44
8.63

-2.36

-1. 13
0

-L.7 3

-0.83
3.49
r.76
3. 86
8.46
8.03
9.31
9.01
9.28

-0. B3
-L.28
3.6r
5.76
9.27
9 .69

10.71
11.04
I0.97

0

* Prime numbered sites not included in linear analysis.
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APPENDIX XI

OPER.A,TED STDE SHAM CRANTUM

MEANS AND STANDARD DEVIATIONS OF THE
STANDARDIZED COORDTNATES IN IVTLLIMETERS

ORTGINAL FTNALRegion Site
SD SD SD SD

ï 1(o)
2
3
4
5
6 (D)

7 (o)
I
9

10
11
I2
13

*14 r

14 (o)
15
L6
L7
18
19
20
2T

*21 | (D)

*22' (o',)
22
)2.
24
25
26
27 (D)
2B
29

*27 |

rr28.
*29 |

-0 .01
1. 19
3. 82
7.04
7.58
7 .4L

0. 02
0

6.6L
7 .49
7 .83
8.00
7.6I

0.31
0 .42
2.69
4.32

0.07
0 .15
0.14
0.08
0.07
0.08
0.04

0 .13
0.26
0.20
0. 16
0. 18
0.09
0.10
0.09

0 0.10 0
0.16 0.55 0.09

0 2.IL 0.20
0.34 1.65 0.17
0.33 0.I4 0.08
0.31 0.14 0.08

0
L.2L 0.15
4.19 0. 35
7.23 0.35
7 .76 0.35
7.40 0.31

0

-0.12 0.09
7.75 0.39
7 .48 0 .25
8.27 0.38
8.27 0.40
7 .60 0.34

0
0.62 0.08
2.69 0 .23
L.7 B 0 .17
0.14 0.09

0

0
1.43 0 " 14
2.95 0.16
r.94 0.09
1. 84 0.10
0.07 0.08

0

0
1.69 0 .r2
4.21 0 .42
2.92 0. 36
2.58 0 .24
1.5s 0.20

0
I.49 0.1s

-0.03 0.11
L0.25 0.51
10.10 0.59

9 .77 0 .57

TI 0.04 0.I4
0.11 1.36
0 .26 2.6I
0.25 r.7r
0. 33 L.77
0.34 0.07
0.3s 0.09

0.20 I.69
0. 16 4.06
0.22 2.77
0.36 2.38
0.40 1.51
0.53 0.09
0.L2 1.38
0.63 -0.07

0

-0.22 0.L7
r.44 0 .17
6 .02 0. 43

LI.28 0.48
11. 36 0 .51
10.49 0.45
I0.17 0.30
6.19 0.58
2.46 0.37
3.23 0.38
4.07 0 .44

III 0.19 0.r2 -L.74 0.18
00

0 .29 0.15 1.73 0.17
2.59 0 .22 4.07 0 .22
5.I7 0.47 6.56 0.33
7.22 0.40 4.95 0.33

10.53 0 . 45 1.50 0. 19
10.30 0.53 1. 15 0 .14
r0.6s 0.51 0.61 0.10
10.38 0.58 0

0.04 0.14 0.04
0.14 1.6s 0.16
0 .22 3.97 0 .20
0.31 5.23 0.37

0.L2 0.57 0.08
000

ÏV

9 .84
9 .69

0.29
1. 39
6.39

10.80
11.02
10.65
9.98
6.18

(Continued)
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ORTGTNAT-, FINAL

SD

Region Site
X SD SD SD

V 30
31
32 (o)
33
34
35
36
37 (D)

*37t

38
3e (o)
40
4I
42
43
44
45
46
47
48
4e (D)

50
51
52
53
54
55
56
57
58(D)
59,(o)

0.14 0
0.18 0.62
0 . 30 4.40
0 .44 2.03
0.65 L.87

00

0.16 -0.16

-0.50 0.37
-2.89 0.54

0
1.06 0. 45
8.s1 0.51
B.82 0.41
B.2L 0.60
8.61 0.43

-2.85 0.17

-1.11 0.20
0

-1.80 0.13
-0.76 0.17
3.41 0.31
1.66 0.45
4.06 0 . 30
B. 83 0. 31
B.38 0.27
9.68 0.26
9 .31 0 .25
9 .56 0.35

-0.80 0.35
-r.24 0.30
3.82 0. 43
6 .26 0. 41
9.76 0.58

I0.22 0.64
11.01 0.48
II.27 0.51
11.32 0.56

0

10.93 0.64
3.64 0.40

0
0.70 0.20
4.60 0 .30
1.98 0.29
1. 83 0.34

0
0.19 0.18

-0.08 0.34
0

1.84 0.14
2.29 0. 35
7 .47 0 .20

]-0.79 0.34
8.24 0. 16
5 ,44 0 .44
5 .2L 0.31
2,7r 0. 14
2.7! 0. 14

0

3.58 0.50
6. r8 0 .69
7.98 0,24
7.97 0.29
5.33 0.46
5 .66 0 .42
2.76 0 .25
2.83 0.27

00
0

0.20
1. 06
7.64
8.72
8.42
B.2L

-L.2 4

-1. 70
-0.93

3. 39
2.27
4.05
8.63
8.47
9.60
9 .4I
9.67

-0.66
-1.14

3.7 4
6.23
9 .87

10.01
11.09
LL.22
12.50

0
0.L2
0.35
0.23
0.34

0

0-47VI

VIÏ

0.14 I.72 0.10
0.20 2.25 0.36
0. 30 7.55 0. 19
0.41 10.10 0.29
0.30 8.16 0.19
0.32 5.33 0.35
0.28 5 .26 0. 36
0 .24 2.72 0. 14
0 .25 2.72 0. 13
0.61 0.05 0.07

0.34 3.70 0.49
0.30 6.08 0.64
0 .44 7 .86 0 .23
0 .44 7 .70 0 .25
0.57 5.42 0. 45
0.6 I 5. 35 0. 41
0.50 2.77 0.25
0.55 2.Br 0.27

0 0.20 0

o
D
*

Point of origin.
Point of X direction.
Prime numbered sites not included in linear analysis.
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APPBNDIX XIÏ

UNOPBRATED SIDE SHAM CRANIUM

MEANS AND STANDARD DEVIATIONS OF THE
STANDARDIZED COORDINATES IN MILLTMETERS

ORTGINAL

SDY
FINAI,Region Site

SDSD SD

*L4l
T4
15
16
L7
t8
19
20
2L

x2Il

*221
22
23
24
25
26
27
2B
29

rr27 |

*28.
*29 |

0
1. 14
3.64
7.03
7.62
7 .4t

0.03
0.04
6.61
7 .46
7. 88
8.03
7 .62

0.99
L.72
4.59
6.37

10.08

10.07
9.69

0.25
L.2I
6. 18

r0.92
11. 05
10.66
9.94
6.18

1
2
3
4
5
6

0.0 1 -0. 17
0.15 -0. 73
0.26 -2.L7
0. 39 -1. 87
0.31 -0.33
0.33 -0.31

0.07 -0.23
0.10 -]..46
0.36 -2.78
0.36 -1.80
0.42 -1.84
0.35 -0.14
0.32 -0.L7

0.20 -3.79
0.31 -5.29
0.29 -6.67
0.24 -7 .49

0 -1.65

0.07 -0.73
0

0.23 -1. 89
0.25 -4.34
0.48 -2.86
0.41 -2.59
0.42 -1.56
0.53 -0.34
0.2I -I.55
0.64 -0. r0

0.10 -0.01
0.L2 L.L1
0.15 4.23
0.16 7.22
0. 10 7 .79
0.06 7.4r

0.08 0.03
0.11 -0.11
0.24 7 .79
0.13 7 .45
0.13 8.30
0.09 8.27
0.07 7.62

0.23
0.42 0.61
0 .49 1.61
0.55 4.48
0.54 7 .63

9.23
0 11.0 7

10.78
0.13 10. BB

10.39

-0.01
0.40 -0.30
0 .29 I.29
0.2r 6.13
0. o7 II.42
0 .23 LI. 44
0.0 B L0 .47
0. 14 10. 17
0.11 6.r9

2.15
2.73
3. 70

0.06 -0.08 0.08
0.15 -0.75 0.13
0.48 -2.91 0.26
0.41 -2.02 0.16
0.36 -0 .32 0.08
0.31 -0.18 0.10

0.0 B -0. 10 0.07
0.10 -1.51 0.11
0.55 -3.01 0.22
0.36 -2.A2 0.L7
0.49 -1.88 0.14
0.42 -0.13 0.11
0.32 -0.08 0.07

0.11 -2.06 0 .25
0 .14 -3.73 0.37
0.31 -5. 39 0.53
0.30 -6.83 0.53
0 .34 -8. 40 0 .-lL
0.58 -5.93 0.54
0.53 -1.69 0.15
0.62 -1.41 0. 19
0. s5 -0.70 0.14
0 .62 -0.07 0.05

0.03 -0.23 0.1_9
0.2r -1.92 0.37
0.23 -4.46 0.29
0.3s -3.29 0.46
0. ss -2.79 0.36
0.50 -1.58 0.25
0 .47 -0 .23 0 .10
0.33 -1.62 0.20
0.56 -0.09 0.10
0 . 50 -10.59 0. 83
0.70 -10.50 0.84
0.66 -10. 16 0 . 87

ÏT

TTI

7
I
9

10
11
I2
13

IV

(Continued)



256,

APPENDIX XII (CONTINUED)

Region Site
ORIGÏNAL

SDY

FINAL

SD YXX SD SD

V

VÏ

VII

30
31
32
33
34
35
36
37

*37'

3B
39
40
4L
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
5Bl

0 .20
1;07
7 .35
8. 61
B .37
B. 50

-r.24

-r.66
-0.88

3.45
2.48
4 .02
8.44
I .37
9.53
9.33
9.54

-0.s1
-0.08

3.79
6.22
9 .87

10.23
11. 11
LL.32
LL.72

0.14
0.27
0 .29
0 .42
0 .67
0-35

0.24
0.36
0. s6
0.48
0 .55
0.48
0.51
0 .53
0.96

-0.84
-2.95

0
1.07
8.25
B. 70
8.09
8.60

-2. 86

-1. 11
0

-r.79
-0.68

3.53
1. 89
4.0 4
8.7 4
8.31
9.s9
9.23
9. s6

0. 17 -0. 14 0 .47

0.13 -I.75 0.09
0. 15 -2.38 0.26
0.32 -7.6L 0.22
0. 49 -10 .00 0. 30
0 . 39 -8.29 0 .22
0.45 -5.52 0.25
0. 37 -5.43 0 .24
0. 32 -3.05 0. 16
0.33 -3.03 0.17
0.50 -0. 37 0 .L2

-0 .01 0

-0.50 0. 16
-4.6 B 0.39
-2.3L 0.42
-2.23 0.45
-0.31 0.10

-3.63 0.47
-6.14 o .52
-7.93 0.20
-7 .56 0.36
-5.42 0.38
-5.47 0 .23
-3.03 0.33
-3. 11 0 .37
-0. 75 0.35

0.35 -10.94 0. 85
0.51 -3.51 0.33

0
0 .42 -0.58 0.18
0.56 -4.9L 0.46
0.43 -2.33 0 .42
0.64 -2.2L 0.39
0.43 -0.07 0.20
0. 19 0 .07 0 .2L

o.2o -0.08 0.34
0

0.20 -1.88 0.14
0.22 -2.29 0.31
0.27 -7.55 0.2L
0.45 -10.69 0.34
0.43 -8.3 4 0.24
0.40 -5.66 0.32
0.35 -5 . 39 0 .23
0 .35 -3.05 0 . 16
0.33 -3.02 0.I7
0. s0 -0.32 0.14

-0.6 ø 0 .23
-I.12 0.37
3.9 4 0 .58
6.29 0.44
9 .75 0 .53

r0.28 0. s7
11.01 0.5I
11.39 0. s4
11.32 0.53

0

-3.47 0 .45
-6.27 0 .56
-8.09 0 . 21
-7 .9L 0.27
-5.32 0.38
-5.7I 0.34
-3.00 0 .34
-2.09 0.36
-0.20 0.12

0

* Prime num]¡ered sites not incl-uded in 1inear analysis.



257 
"

OPERATED

MEANS AND
STANDARDIZED

APPENDIX XITÏ

SIDE EXTRACTION CR/\NIUM

STANDARD DEVIATIONS OF THE
COORDTNATES IN MILLIMETERS

ORIGINAL

SD

FINALRegion Site
SDSD SD

II

1(o)
2
3
4
5
6 (D)

7 (o)
8
9

10
11
L2
13 (D)

*14'
14 (o)
15
16
L7
18
19
20
2L

*21' (D)

*22' (O)
22
23
24
25
26
27 (D)
2B
29

0
1. 39
4.95
7.BL
B .32
8.05

0
0.03
7.16
7.93
8.27
8.32
7.92

0 .27
0 .47
2. 86
4.46

10.58
10.65
lO.BB

r. 42
1. 82
6.35

11.35
11. 40
10. 81
10.48

6 .67

0.01 0.07
0.23 0.64
0. 35 2.59
0 .27 I.7 4
0.24 0.16
0.22 0.17

0.01 0.13
0 . 11 1.56
0.38 2.94
0.25 1. 83
0.32 1. 84
0.34 0.08
a.27 0. 10

0.05 0.14
0.11 1.98
0.L7 4.3r
0.27 5.97

0 I.70
0 1.01
0 0.73

0 L.79
0.15 4.02
0.6 B 2.68
0.20 2.35
0 . 16 L.29
0.19 0.01
0.11 I.19
0.24 -0.14

0.07 0
0.07 1.40
0. 18 4.9 4
0.14 8.02
0.08 8.43
0 .05 8.0 4

0.05 0
0.19 -0.09
0.31 7 .98
0.06 7 .94
0.07 B.s9
0.05 B.58

0 7.92

0.20
0.06 0
0.31 0.42
0.17 2.88
0.27 5.23

7 .56
0 11.0 3
0 10.73
0 11.0 B

L0.76

0
0 0.35

0.L2 2.04
0 .42 6 .42
0 .27 rI.7 4
0 .26 11. 66
0.09 10. 73
0.17 r0.56
0.15 6.67

0
0.20 0 .72 0.07
0.34 3.02 0.18
0.29 L.94 0.19
0.23 0.15 0.07
0.22 0

0
0. t3 I.64 0.18
0.38 3.11 0.11
0 .24 2.04 0.05
0 .32 1. 86 0.09
0.35 0.07 0.05
0.27 0

0.13 -L.7 B 0.14
0

0.15 I.92 0.18
0.22 4.39 0.24
0.35 6.97 0.25
0.34 5.26 0.48
0 . 17 1.60 0. 18
0.13 1.10 0.36
0.14 0.63 0.15
0.20 0

0
0.38 1.78 0.22
0 .25 4.2I 0.31
0.39 3.13 0.28
0.19 2.44 0.28
0.19 L,26 0.28
0.18 0
0.16 I.2B 0.32
0.24 -0.14 0.15

III

IV

(Continued)
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ORIGINAL FINALRegion Site
SDX SD SD SD

TV

V

*27 |

t 28.
*29 |

30
31
32 (o)
33
34
35
36
37 (D)

*37,

38
3e (o)
40
4L
42
43
44
45
46
47
4B
49 (D)

50
51
52
53
54
55
56
57
s8(D)

*5 g' (o)

0.58 11.38

0.10 -0.01
0.29 0.51
0 .46 4.7 4
0.26 2.L6
0 .44 2.LL
0.36 0

0.14 0.03
0.06 0
0. 17 1. B9
0 .18 2.6r
0.50 7 .7 4
0 .69 10.5 I
0.46 8.48
0.51 5.58
0.51 5.44
0.49 2.82
0.51 2.80
0.34 0.13

0 3.49
0 6.18
0 8.47

0.54 7 .55
0.31 4.93
0.40 5. 11
0 .34 2.55
0.34 2.63

0. 10 -0.01

2.7r 0.48
3.46 0 .49
4.23 0.57

0.32 -0.12 0.54
-2.95 0. 17

0.03 0
0.14 0. 83 0.32
0 .28 B. 89 0 .23
0.32 9.31 0.23
0.37 8.66 0.41

9.13 0 .23
-2.80 0.15

0.11 -L.22 0.15
0.05 0
0.11 -1.94 0.19
0.30 -0.71 0.30
0.11 3.65 0.48
0.41 2.53 0.76
0.17 4.34 0.45
0.30 9 .L6 0. s0
0 .29 8 .67 0 .51
0. 30 10.02 0 .48
0.28 9.60 0.51
0.05 9.82 0.47

0 -0.66 0
0 -1.41 0
0 3.75 0

0.36 7.10 0.60
0.49 10.36 0.31
0.45 11.09 0.43
0 .34 11.52 0 .32
0.36 12.10 0.34

11.93 0.37
0.04 0

10.95 0.20
10.61 0 .42
10. 39 0 .29

11.75 0.3s
3. 38 0.27

0
0.56 0.13
4. 83 0.14
2.IB 0.32
2.05 0.39

0
-0.07 0.L6

-0.10 0.34
0

1.9 B 0 .23
2.62 0 .25
7.67 0.14

10.95 0.38
8.54 0.14
5.67 0.31
5.39 0.27
2.82 0.30
2.79 0 .26

0

3.39 0
6.28 0
8.57 0
B. 83 0.28
4.87 0 .47
5.27 0.45
2,55 0.33
2.63 0 . 36

0
0

VT

VIT

-0.66

0.25
0.79
8.27
9.2I
B. 86
8.95

-1. 35
-0.26
-L.75
-r. 01

3 .77
2.70
4 .29
8.95
8.76
9.93
9.70
9.98

-0 .56
-L.47

3 .75
6.99

10.48
10.78
11. 60
11.93

0.26

o
D
*

Point of origin.
Point of X direction.
Prime numbered sites not included in linear analysis.
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APPENDTX XIV

UNOPERATED SIDE EXTRACTION CRANIUM

MEA}.IS AND STANDARD DEVTATIONS OF THE
STANDARDTZED COORDIN/\.TES IN MILLIMETERS

ORIGINAL FTNAI
Region Site

SDSDSD SD

ïïr * 141
L4
t5
16
L7
1B
19
20
2I

*2r,

*22r
22
23
24
25
26
27
2B
29

0
r.32
4. 81
7.77
B. 31
8.04

0.04
0.03
7.12
7.92
B.2L
8.32
7 .97

0.99
I.67
4. 81
6.96

LL.23
r1.06
TI. L2

0.13
1.07
6.62

11. 40
11 .50
10.89
r0 .47

6 .67

I
2
3
4
5
6

0 .02 -0. 14
0.23 -0.74
0 .42 -2.79
0. 30 -I.92
0.23 -0.34
0.20 -0.37

0.09 -0 .2L
0 .12 -L .67
0.46 -3.04
0.28 -1.98
0. 34 -2.0I
0.32 -0.22
0. 30 -0. 18

0.L2 -4.03
0. 19 -5.51
0.28 -7 .05
0.25 -7 .98

0 -1.65
0 -0.96
0 -0.56

0.L7 -2.L8
0.2L -4.66
0.29 -3.28
0.20 -2.79
0.18 -1.59
0.2I -0.42
0. 16 -I.44
0.24 -0.1-6

0.10 0
0.07 1.39
0 .I2 4 .87
0.I2 7 .93
0.07 8.45
0.08 8.04

0.06 0.05
0 .2I -0 .12
0.26 7.94
0.2L 7 .9L
0.22 8.55
0.03 B.58
0.04 7 .97

0.25
0.19 0.65
0.34 L.57
0 . 34 4.77
0. 35 8.02

9.66
0 11.69
0 LI.29
0 11.38

L0.77

-0.04
0.06 -0.350.10 1.oz
0.14 6 .43
0.L2 11.75
0.28 l-I.74
0.20 I0.74
0.31 10 .59
0.r7 6 .67

0.0r -0.07 0 .07
0.20 -0.82 0.07
0. 38 -3.18 0 .25
0.30 -2.IL 0.18
0 .23 -0. 34 0.07
0.20 -0.2L 0.05

0.08
0.L2
0 .49
0.28
0.36
0.33
0.30

-0.07 0.05
-L.74 0.2I
-3.28 0.26
-2.L5 0.2r
-2.0L 0 .2L
-0 .20 0.04
-0.10 0.05

0.15 -2.15 0.20
0 .0 B -4.02 0 .2I
0.20 -5.63 0.34
0.25 -7.09 0.34
0.31 -8.67 0.43
0.40 -6.L2 0.37
0.17 -1.62 0.12-
0.14 -1.30 0.11
0.15 -0.66 0.13
0.20 -0.11 0. r0

0.06 -0.25 0.08
0.14 -2.L8 0.05
0.22 -4.79 0. 30
0. 36 -3 .52 0 .L4
0.23 -2.87 0.14
0.17 -1.58 0.28
0.16 -0.30 0 .23
0.18 -1.66 0.32
0.24 -0.16 0.17

7
I
9

10
11
I2
13

IT

IV

(Continued)



260 
"

APPENDIX IV (COI'{TIh]UED)

Regior: Site
ORTGINAL

SDY XSD

FINAL

SDY SD

ÏV

VT

vrï

a'i l

2.8'
29'

30
:|'tJ-L

32
33
34
35
36
37

* 37'

3B
39
40
4L
42
43
44
45
46
47
4B
49

50
5l-
52
53
54
s5
56
57
5B

)'i5Br

0"25
0.94
8"04
9 "12
8.73
B" 90

-1. 35
-0.26.L. 82
-0" B6

3.75
2.53
4 .20
B.9B
8.77
9. 89
9.67
9"93

-0.43
-1,09

3.95
6.s3

10.13
I0 .44
1I.43
11.71
12.OI
0.26

0.07
-3 "29

0
0.78
B. 81
.9 .r9
8.57
9.09

-2"86

-'l 2)
0

-r.9 4

-0"68
3.78
2 .35
4.26
9 .17
8.6 B
o o?
9 .47
9 "79

-0.54
-1.19

4.05
6.54

10.05
10.68
1r. 35
11. 82
IL "79

0

2 "36 0.37 *LL.26 0.24
3 .13 0 .49 -11 . 11 0 .27
3 .95 0 .67 -L0 .79 0. 31

V

0.10 -0.01 0"03
0.22 -0.44 0.04
0 .2L -4 "92 0 .28
a "26 -2.4L 0 "320. 40 -2.30 0 . 3B
0"42 -0.25 0.07

0.14 0.03 0.11
0.06 0 0.05
0"10 -l_"Bt 0.1_5
0 "27 -2.45 0.32
0.3E -7 .69 0.27
0.54 -10 " 75 0.28
0. 45 -8.42 0 . 39
0. 39 -5 .44 0. 33
0.39 -5.34 0.32
0"44 -2"67 0.26
0 .42 -2 "65 0 .27
0.38 -0.25 0"13

0 -3.81 0
0 -6.52 0
0 -8.53 0

0"49 -7"77 0.18
0"66 -5.40 0.25
0 "57 -5. 64 0.33
0. 53 -3.29 0 .5 I
0"45 -3.19 0.46
0.36 -0"43 0.21
0"10 -0"01 0.04

0.64 -1.1.80 0.04
0.16 -3"44 0.28

0
0.29 -0.65 0.19
0.23 -5.09 0.20
0.25 -2.42 0.34
0.37 -2.24 0.37
0.27 -0.20 0"11
0.16 -0.16 0 "27

0 " 15 -0.10 0.34
0

0.17 -1.94 0.20
0 .29 -2.46 0 "290.40 -7.64 0 "28
0 .62 -11. l_6 0 .32
0.44 -8.47 0.33
0 .36 -s.50 0. 34
0.39 -5.27 0.32
0 " 43 -2.67 0.26
0 .s2 -2.6 3 0.28
0.58 -0"19 0,1_4

0 -3.7r 0
0 -6.62 0
0 -8.63 0

0.45 -8.13 0.22
c.62 -5"32 0,23
0"44 -5"78 0"44
0.50 -3.26 0 .56
0.44 -3.35 0.60
0.35 -0.58 0.76

0

Pr:'-rne numbered sit.es nct included in linear analysis.


