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INTRODUCTION

Many histologic investigations of tooth movement utilizing both
experimental animal and humen material have been conducted and published
during the past thfee—guarters of a‘céntuny. However, numerous éuestions
cohcerning the biologic response of the periodontium to the application
of force on a tooth remain unanswered. Among these is a complete
ﬁnderstanding of the esrly tissue reaction in pressure areas of the
periodontal ligament resulting from the apvlication of tooth movement
forceé.

'Sandstedtlfz—and Schwarz3 were among early investigators who noted a
lack of vitality in What they reported'were heavily compressed areas of

4,5,6,7,8

the periodontal ligament.. Reitan, in his early reports,
utilized the term "hyalinization" to describe the altered appesrance of
periodontal fibers in these coﬁpressed areas; in later publications the
term also included the relative decrease or absence of cellular elements
éséociated with the fibrous changés observed in pressure zones of the
ligament. Other terms such as "fibrinoid degeneration" (Schwarzs) or
"necrosis™ have been used at times to describe this generzal condition as
well as a similar reaction of the periodontal ligament to occlusal trauma

9Coolidge,10 Zanderll

>

as reported in the periodontal literature (Orban,
and Ramfjord).lg' In studying occclusal trauma, Remfjord and Kohlerl
found similar necrotic material and‘concluded that the most stable
periodontal structﬁre in highly stresséd areas was Sharpey's fibers

3

entering the cementum. Some investigators such as Schwarz” wrote that

compressed, cell-free areas represented a non-physiologic mechanism for
2 Lt &<



*footh movement, one which should be avoided if possible by the use of
lighter forces. Oﬁ the other hand, Re;tanG reported that cell-free areas
were‘produced routinely at certain stages of tipping tooth movement and
were résponsible for the lag phase wherein undermining resorption occurred
following the initial movement of a tooth-as it compressed the periodontal
ligament°

Among the most fecent investigations of human tooth mb#ément was
that done by Churchl3 in 1971. EHis findings substantiated the earlier
works of Reitan and others iﬁ that ceil—free areas énd altered fiberous
structure were noted in compressed areés of the periodontzl ligament
after seven days of force application. The present study is a continuation
of Church'sl3 work and has as its purpose the elucidation of the tissue
changes in pressure areas duriﬁg the first four days of tooth movement
with particular emphasis on ascertaining\fhe order of events involving
cellrléss and fibver changes, if these are in fact early tooth movement

phenomena.



REVIIZY OF LITERATURT

The first reports which déalt with the histology of tooth movement
appeared in the literature around the turn of the century. HMost of the
early ones involved the apolication of fdrce to the téeth of experimental
animals, however, a considerable number of later publications included
vhuman tooth ﬁovement material. 'As might be suspected, conflicting opinions
arcse from these investigatiéns which provided the étimulus for research
that has continued to the present time.and undoubtedly will extend into
the future, Credit is generally given to Sandstedtl’2 for being-thé first
to conduct and publish a detailed investigation of tooth movement. His
study, which appeared in both the Swedish (1901) and German (1905) |
literaturé, involved the placement of a iabial arch wire supported by
canihe bands on the teeth of a young dog.' By means of an adjustment
screw distal to the bands, he was able to exert a lingual tipping force on
the maxillary incisors that continued for a period of three weeks, His
findings resulted in the histologic origin of a pressure-tension theory of
tooth movement in that he noted resorption of bone on the pressure side
of the ligament and deposition of bone on the tension side of the
involved teeth. He also discovered that strong forces compressed the soft
tigsue on the pressure side and deprived it of its vitaliﬁy and ability to
fesorb the old aiveolar bone; because of this, active resorption began in
the neighboring marrow svaces and éontinued until the old bone and
compressed soft tissue were removed, a phenomena he termed "undermining
fesorption."

In 1911, Oppenheim14 conducted a study in vhiph he placéd tipping



forces on the incisors of a baboon. His conclusions diffsred from those
of Sandstedt in that hé reported, "the,iamella of the compact alveolar
bone became opensd out as the result of wesk forces, by the influence of
pressufe and pull on both sides of the moved tooth; and the bone transforms
itself into a transitional spongicsa, the elements of ﬁhich are ,_ranged

14

in the direction of force.," His concept of bvony transformation was
accepted for many years as an explanation of the fissue reaction %o
applied force, however, some.investigatofs did not agree with him. For
example, in 1932, Schwarz3 ublished an investigation and in his articlse,
reviewed the findings of the two préviously mentioned workers., I
réported that in his.opinion, Oppenheim misinterpreted the data, partly
because the applisd force from the iAngle arch to the teeth of the baboon
was an intermittant one that 2llowed some repair of the initial tooth
movement reaction, thus giving the erroncous impression that the entire
bony architecture was transposed. He supporited Sandstedt's concept and
credited him with establishing the basis of "our present knowledge." In
Schwarz's own experiment, a maxillary lingual arch, stabilized by two
molar and canine bands, was placed in a young dog's mouth. From this
arch, a spring was .applied to three premolars in each quadrant, so as to
deliver a different force on each tooth which ranged from three to 67
grams and 1aéted five weeks, His work also supported a pressure-tension
theory and led him to the con¢1usion that there were four degrees.of
biologic effect with the most favorable force.being cne not greater than
the capillary blcod pressure. He stated that forces in excesé of 20-26
grams per square centimeter (the capillary blood pressure in man) would
result in strangulation and suffocation of the soft tissues requiring

resorption cf the necrotic material from either the ligament arourd the



ﬁressure zone or tne adjacent marrcw spaces before the tooth could contiaue
its.movement.

Up télthis time, all research on the subject had involved experimental
animals. However, in 1952; Herzb_erg'15 introduced an experimental design
in which fhe maxillary first‘bicuspids of an 18 year old girl were removed,
aloﬁg with their attached overlying tiésues; unfqrtunatelj, only the
buccal or tension side was suitable for examination. He observed that the
spicules of newly fcrmed bone wére-arranged parallei to the;direction of
applied force on the tension side, a finding commonly reported in pfevious
experiméntal animal studies, which led him to the conclusion that the
reaction of humen alveolar bohe was quite like that of bone in experimental
animals, In 1938, Stutevillel6 studied 14 human teeth with associated
supporting ﬁissues,‘using kmnown forcés that were aétive through measured
distances. Contrary to the opinion of Schwarz mentioned earlier in this
paper, Stuteville stated that the injuries produced by tooth movement
forces were not necessarily detrimental in that the necroti; areas of
the ligament and resorbed areas of thé'root were ultimately repaired. In
his opinion, the distarce through which the force acted and not the
magnitude of the force used, was the important facter.

The major vart of histologic research on tooth movement has been

415,6’7,8

conducted by Reitan. In an experiment published in 1947, he
applied both tipping and bodily movement forces to various teeth of a
dog. He noted essentially theAsgme phenomena as earlief investigatofs in
pressure zones surrounding the tipped tootl; namely, that in those areas
where the root surface approached Eontact with the alveolar wall, the

ligament appeared Ypartly necrotic." He cdescribed some of the fibers as

‘being in a "ayalin" state and further noted a decrease in the number of
g i .

[



cells in the compressed area, The term "hyzlinization" as used in this
article, referred fo & fibrous change; however, in subsequent articles by
fhe same author its meaning incladed the reiative decrease or absence of
cellﬁlar elements associated with the altered appearance of fibers in
pressure areas, Hyalinization waé not evident in tissues surrounding the
teeth that were mdved bodily; which led Reitan to conclude in this
’article that.bodily novenent was more desireble than tippiﬂg gﬁvement.
Reitan's5 most extensive report was presented in 1951, and involved 34
dogs aﬁd 23 young patients who wore a variety of appliances that provided
"a broéd spectrum of forces. In each subject, two testh were removed with
their associated supporting tissues; one served as the control and the other
as the experimééiél speciman, In his animal materizl he cobserved a
decrease in the numEer of cells in préssure zoneé efter only 24 hours of
forde application. He stated that in soﬁé‘areas "as the cell number
deéreaséd, a homogenization of the pefiodontal fibers occurred. Osteoid
lines and fibrous tissue finally converged in a hyalin méss which
obviously, to some extent, also prevented ostecclasts from being formed

5

along the ianer bone surface," As a result, undermining resorption was
noted in adjacenﬁ marrow spaces, His human material iavelved a fixéd
appliance which exerted 70 grams of force for a period of one, two, three
or-four days, as well as activators which applied an undetermined amount

of force for a period of time which varied from two to 14 nights. In

those patients Who wore a fixed appliance, he ndted hyalinization of the
fibrous tissue following only two days of erce.application. At the four-day
peridd, pycnotic cells were seen adjacent fo the hyalinized areas. This

phenomena was also observed in those cases who wore an activator, though

he concluded, amorg other things, that gradually expanded activators
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produced less extensive hyalinization than did fixeé appliances, Reitan8
later described tipping tooth movement as falling into various stages as
follows: "(1) a gradusl compression of the periodontel ligament which may
last from about four to seven days; (2) the hyalinization period, which
may last fro@ four to five aaysrand up to two months or more in experimental
animals that exhibit a high boné density; (3) the‘secondary period during
which tﬁere is mainly direct bone resorption 50 thaﬁ the tooth will
continue o move;"8 He féund that hyalinizafion'was diffiqdlt to avoid
.even in the initial réactién to bodily tootﬁ movenent, but reported that

- it should be keptras small as possible by,the use of light forces if rapid
tooth movement was to be obtained, His studies7rhave also led him to
conclude that g%t times semi—hyalinizgtion occurred, a pondition where only
a cértain layer of the pefiodoﬁtal fibers had become cell free and during
which time frontal resorption took place\even subjacent to the hyzalinized
areaé°~ Reitan6 viewed these cell free pressﬁre zones s usgally being
non-necrotic in that new cellsbaﬁd capillaries were observed to develop

in formerly hyalinized tissues.

A study to substantiate the Tindings of previous workers was
conducted by Church in 1971.13 He applied 70 grams of tipping force to
the maxillary firsf bicuspids of 12 patients for periods of seven, 14, 21
and 28 days. The involved teeth.had p:eviously been indicated for removal
as part of the patients' orthoaontic treatment. After the desiredAforce
application, the teeth and a portion of alveolar_bone on the pressure side
were removed and prepared for examination. He found that after seven days
of pressure, each speciman exhibited at léest sone cell free areas with
condensation of the associated collogenous fibers, 3By 21 days, most

samples demonstrated reorgenizetion of the ligement. In addition, some
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‘specimens exhibited morphological evidence of fatty degeneration with
characteristic "signet ring cells® in areas that corresponded to.regions
of minimal cellular loss in the seven and 14 day samples, ‘After 28 days{
active bone resorption was not apparent and the major impressidn was one
of fiber reconstruction and reorgahizatioﬁ of the ligament with a marked
increase in extravascular blood elements including macrophages with "foamy
cytoplasm" indicative of active phagocytes. ,His‘findings,‘eébecially those
during the first two weeks, weré similar to previous authoré in that
compressicn of the periodontél ligament resulted iﬁ occlusion of blood
vessels with & subsequént decrease in Eellular elements and alteration of
the fibrous structure.

The reactioid of the periodontium to occlusal trauma is in ways
sinilar to that pfoduced by orfhodontic tboth movenent; indeed, some of the
terminology is identical even though the\specific reaction may not be
the same. The main source of information regarding the reaction of the
periodontal tissges to occlusal stress has been human autopsy material.

9

In 1928, Orban” obtained suitable tissues for study from the body of
a 24 year old human who had died of tuberculosis and whose dentition
exhibited traumatic occlusion. After prepsration of the involved teeth
and surrounding structurss for histologic examination, he noted that the
condition of the vessels and marrow spaces indicated a slight chronic
inflammatory process. He also observed that in those areas where the
periodontal ligément was compressed by the occlusion, there was a
uniformity in the staining charactéristics in that there was no
differentiation between the fibers, nuélei, or protoplasm., He noted that

the entire ligament was necrotic in some pressure zones and that no

resorption of the bone from the periodontal ligament had taken place -
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since there remained no viable rescrptive cells.

| Ten years later, Coolidgelo studied the periodontal tissues of 15 human
jaws‘obtained from autopsy material. ZXach presented evidence of traumatic
O§clusibn and he classified the injuries resulting from it into two groups
as follows: "(1) minor injuries such as ﬁemorrhage, thrombosis, and
hyalinization of the periodontal membrane, and abnormal bone resorpticn,
and (2)_gross injuries‘such as necrosis>of the periodontal-tissue, root
résorption and fractures of the'cementum."lO He wrcte that the cﬁanges
that took place were similarfto those . produced by ofthodontic appliances
on the teeth of animals in which an exéessive forcé was applied, aﬁd that
hyalin degeneratioﬁ occurred wheﬁ the periodontal tissue was continuously
traumatized but’not entirely destroyedq To the author's kﬁowledge, this
was the first time in the English literature that the term "hyalinization"
was used to describe the histologic appeérance of periodontal tissues.
Since fhen it has been used eitensively to describe the reaction of the
periodontal ligament to both occlusal stress, as was done in this article,
as well as the mechanical application of force t§ teeth as was pointed out
earlier in this review, TUnfortunately, the precise meaning of the word
has been unclear at times which has led to some confusion as to the
exact nature of the viologic reaction that has tsken place in the
periodontal ligament. |

| In addition to human autopsy materisl, iiving animal and humaﬁ
studies have shed some light on the reaction of the periodontum to
occlusal stress. Zander and Muhlemen in 1956,11 presented the results of
an experiment in which stress was applied to the teeth of nine monkeys.

They found necrotic pressure areas after ornly 48 hours, and described the

follovwing rezction zones in the periodontol ligament arranged in a
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decressing order of saverity: (2) Complete loss of tissue structure. Ilo
nuclei detected; (b) Complete loss of structure, however, rests of lizlassez
cah be detected; (c) Hyalinization of the periodontal ligement. Hemorrhagic
regions. Appearance of cementoblasts; (d) Osteoclasia and hemorrhagzic
extravasation. Structured periodontal ligrment; (e) Almost normal ligement
with slight circulatory disturbances; (£) Hormal periodontal ligament,
Evidently; the rests of !Malassez were quite stable elements of the ligament.
In 1959, Ramfjordl2 examined fissuesbfrom living patients who were in
the prooéss of recelving prosthstic appliances and whb exhibited N
consideiable traumatic occlusion to fheir anterior teeth. A total of 15
feeth weré first classified according to their degree of occlusal stress
and latervremoved along with labial alveolar bone overlying the coronal
half of the root prior to the placemént of complete dentures., In
several specimens he noted infiammatéry ¢ells in the periodontal ligament
as well as evidence of "mucoid degeneration" znd "hyalin degeneration.”
In addition he observed a dilitation of the vessels in areas adjacent to
. the hyzlinized tissues. Although he did not suggest a reletionship
between the inflammatory cells and degenerstion of the fibers of the
“pericdontal ligement, there is some evidence to indicate that such might

17

have been the case. ‘eissman ' reviewed the literature on the physical
characteristics and degradation of collagen and pointed out that collagen
is quite resistant to the tryptic type of enzymes found in tissue fluids
] E e . . e 18

under homeostatic conditions., However, Miller and Martin, as well =as

‘ 1o N ~ '
Lazaras, et el., have indicated that humen granulocytes possess granules
that have the capability of degrading collagen and therefore contain

collagenases. Wéissmanl7 sugrested that in periodontal pathology the

destruction of gingivel collagen by collag:nases mizht be in part, the



result of the lysis and subsequent degranulation of polymorphonuclear
leukocytes in response to an inflammatdry reaction. Further research is
indicated before a relationship can be>established between the alteration

of fibers ih the periodontal ligament and the presence of inflammatory ceils,
if in fact they are a-parf of fhe reaction of the periodontium to the

application of force on a tooth.
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MATERTALS LD MTTHOLS

Four petients requiring the removal of maxillary first bicuspids as
pért of their orthodoantic itreatmnent Qefe selected to participate in this
project. Included were threeAfemales and one male ranging in age from
12.4 to 14.9 years; all in good general health. Followiﬁg’tﬂé method of
Chu:oh,l3 the maxillary right and left first bicuspids of each patienf |
were subjected to a buccally directed tooth movement force, the duration
of which varied ffom one to‘fouf days. Subseguently, these teeth and a

portion of adjacent alveolar bone were removed and prepared for

-

histologic examination.

The zppliance thch'provided the force was designed to produce a
light tipping action on the maxillary fi;st-bicuspids (Fig. 1). It
consisted of two maxillary molar bands which supported zn ,036 inch
lingual arch ﬁire with bilateral .016 inch double helix Tinger springs
extended to the gingival margin of the.first bicuspid crowns. The
deflexion of each finger spring dnder a 70 milligrem load was determined
and found to range from four to 6.5 millimeters, depending on the length

~of the lever arm. ‘The fingersprings were activated the predetermined
diétance and the appliance inserted in the mouth and left for one of the
following time periods; one day, twe days, three days or four days,.

Followihg the force application, the appliance was removed and the

- patient immediately underwent removal of the mexillary first bicuspids
along with an attached portion of alveolar bone overlying the coronal
third of the buccal surface of the root (Fig. 2). The surgery was done

under locel enesthetic utilizing a soft tissue flap which was approximated



and sutured after tissue remqval.

The teeth were fixed in 10 percent neutral buffered formzlin for 24
hours éfter wnich the anatomical crowns were removed with a carbide bur
and a high speed dental handpiece. Following ten days decalecification in

Formate
sodium Tormalin“and formic acid, the lingual root and apicel half of the
buccal root were remo#ed, leaving essentially the coronal portion of the
Buccal roof with its attaéhed supportiné structures which were routinely
imbedded in paraffin, Transverse sections, seven microns thick, were cut
and four out of every ten wefe mounted., Of these,Aone was stained with
hematoxylin and eosin, one with Mallofy's connective tissue stain, and

two left unstained for future reference if desired. All prepared slides

were examined by two investigators and photomicrogrzphs were made with a

Zeiss photoscope.

16
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HISTOLOGIC FINDINGS

The first day of force applicdation elecited a mild reaction in the
supporting structures of the teeth. Some wvascular channels in the

periodontal ligament were slightly compressed; however, most were not

and many contained red biood cells. In general, the ligéﬁent was very
cellular and the fibers were well organized and distinct. Some isolated
areas of the ligament demonstrated a decrease in the number of cells
adjacent to the alveolar wall and at times it was noted that a complete

cell free area extended across the entire width of the ligament (Fig. 3).

L

The fibers in these cell free areaé usually were not altered but at times
they appeared to be éompressed. Bone resorption was quite limited;
however, scme areés of both frontal and undermining resorption were noted,
The marrow appeared to be fatty and occasionally communicated with the
periodontal ligament by direct channels that opened through the alveolar
wall, Numerous resting lines were observed in the alveolar bone and
glomeruli were evident in the‘lig.‘amento Mo root resorption was found and
Sharpey's fibers entefing the cementum and bone were always distinct.

A similar reaction was observed in the two day specimens; The
vascular channels were stiil only slightly compressed and most contained
red blood cells., Occasional cell free areas were noted; however, in
geheral, the ligament was very cellular and the fibers were not altered
in structure or s?aining reaction, Bone resorption was more prevalent
than in the oneiégecimens but even so, was not a very active process.

Although definite areas of undermining resorption were noted, the more

common phenomena was the frontal type, which apreared to be approaching
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fhe marrow spaces in some areas. In one of the specimens, there was a great
deal of communication between the periodontal ligament and the marrow through
open channels in the alveolar wall. The marrow contained some inflammatory
cells and appeared to be of a fatty nature. As noted in the previous tihe
périod, root resorption was not evident,

The periodontal space was narrowed in the three day specimens as
compared ﬁith those of the previcus time periods and compression of the
vessels was noted. Fowever, no area of the ligeament demonstrated a yicaGmizal’

H v

reduction in cellularity. The fibers were distinct and organize@}and oniy
limited areas of bone resorption were seen. One area of the ligament
contained holes which morphologically resembled fat cells (Fig. 4).

The four day specimens demonstrated a dramatic response to the
application of force. A marked compression of the ligament, as compared
with previous specimens, was observed and extensive cell free areas were
evident (Fig.5). The fibers in some of these cell free zones were compressed
and at times seemed to loqse their individual identity so as to become
amorphous. In one area, where the tooth approached contact with the
alveolar wall, the staining reaction of the fibers was altered in that
they appeared slightly orange under Mallory's connective tissue stain,
rather than blue, as was the case in all other areas of the ligament (Fig, 6).
Bone resorption was more evident than in any previous time period and,
although frontal resorption was observed in cellular areas of the iigament,
the more dominant form was of the undermining type (Fig. 7). In places, the
th‘Proke through the bone separating them and thus created a communication
between the ligament and the invol&ed‘marrow space, As in all previous

material, Sharpey's fibers were distinct and ne root resorption was founl,

The periinent findings are summarized in Table 1.
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DISCUSSION

The purpose of this project was to determine the tissue changes taking
place in pressure areas of the periodontal ligament during the first four
days of tooth movement, with particular emphasis on ascertaining the order
of events involving cell loss énd fiber changes, if these Qer; found to be
early tooth movement ﬁhenomena. The experimental design was patterned after
the method of Churchl5 and was weil suited for this type of information.
The sample could have been improved by including more subjects in each
time period, which would have allowed a better appraisal of the variability
of the tissue re§ponse between patientéo Tt would also have been desirable
to include a'controi group with which higtologic findings could be compared.
However, even with the small sample used, several interesting features were
observed in the histologic material upon which the conclusions; to be
presented later in this paper, were basedo

The appliance was quite adequate and delivered a satisfactory force
to the first bicuspids. A more accuréte-appraisal of the distribution
of the force could have been made if the involved teeth had been free from
oéqlusal and proximal contacts which, since they were present; represented
an uncontrolled variable between patients and could have altered the
hisfologic findings to some extent. The appliance exerted a tipping force
on the lingual surface of the teeth and, as a result, the tissues that
were surgically removed from the buccal aspect represented some of the
greatest pressure areas of the periodontium, since they were located

opposite the point of application of the force and at or near the crest of

the alveolar bone. All surgery areas healed well and it was difficult to
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detect any difference in the appearance of the 30 day post~operative
extraction sites of the patients involved in this project compared to others
who had routine removal of maxillary first bicuspids as part of their
orthodontic treatment. After rempval, the crowns of the experimental teeth
ﬁeré sectioned in order to facilitate decalecification 6f the hard fissues.
Subsequently, the lingual root and apical portion of the buccal root were
also remofed, which left a minimum‘amountrof tissue to be ?repared for
examination, and diminished the incidence’of laboratory folding artifécﬁso
The histologic material was satisfactory except for that from the
right side of the patient who wore tﬁe appliance for three days. In this
instance, the hard tissues were insufficiently decalcified and it was not
possible to prepare slides to the desired depth. The material from the
left side of the same patient had a surgical artifact along a portion of
the buccal surface of the root and it is feasible that some of the
greatest pressure areaé were not available for examination in this specimen.
The histologic findings Qere, in many ways, similar to those of
previous investigations. It was interésting to note a decrease in the
ceilularity of the ligament after only one day of force application. This
phenomena was observed at each time period thereafter except the third, in
which instance the surgical artifact may have destroyed some cell free areas,
though it must alsé be considered that their absence merely indicated an
individual variation in the tissue response of this patient, This decrease
in cellularity was at times confined to an area adjacent to the alveolar
bone but existed fo varying degrees in other areas of the ligément as well,
It appeared that the most stable cells were those adjacent to the root
surface but that they too would disappear on occasion and thus leave a

complete cell-frees zone which extended the entire width of the ligament.
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These’areas were quite isolated in an otherwise cellular ligament during the
first two days but became quite extensive during the fourth day, The fibers
in,thése cell-free areas usually were not altefed in structure or arrangement,
but occasionally they became compressed and at times even lost their individual
i&entity which indicated that some fibrous change had taken place. More
positive evidence of such a change was the fact that after four days, the
fibers in one area of pressure took on a slightly orange cél&f under Mallory's
connective tissue stain, rather than the characteristic blue color preéeﬁt

in the rest of the ligamenf, which indicated that a possible histo-chemical
or structural change had occurred in these fibers, This change was
interpreted as hyalinization of the periodontal ligament. The decrease in
cellularity and/éiterétion of the fibrous component of the periodontal
ligament under preséure has, of course, been observed in several prior
investigations. Church15 noted the formé&ion of cell-free areas and even

-1 mofe observable change in the staining reaction of the fibers after seven

4,5

days of forcevapplication. Reitan was perhaps the first to apply the

term "hyalinization" to this tooth movément phenomena, although the meaning
of the term evidently changed soméwhat during the course of his investigations
in that it originally referréd to a fibrous change but later came to imply

a more generalizedireaction to pressure which included the reduction in the
nuﬁber of cells often associated with the fibrous change. Other terms such
as "fibrinoid degeneration" or "necrosis" have been used to describe the
reaction of the periodontal ligament to applied pressure, although the

more recent investigators have generally preferred the word "hyalinization"
even though its meaning has been somewhat obscure at times. Regardless of

the terminology used, this experiment indicated that the cellular component

of theﬁligament appeared to be more labile than the fibrous component
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since early cell-free areas contained essentially normal appearing fibers
and later ones contained fibers which were altered structurally and possibly
histochemically. The sequence of events appeared to be: first, a decrease
in the number of cells, beginning with those adjacent to the alveolar bone
and progressing towsrds the root surface until complete cell-free areas

were formed,and secondarily, an alteration in the structure and staining

 characteristics of the fibers of the periodontal ligamenf.

Bone resorption was not a dominant feature in ény of the material but
was of sufficient magnitude,»especially after four days of pressﬁre, to
conclude that it was a part of the early tissue response to applied force.

Of particular interest was the fact that resorption opened into marrow

-

spaces on occasion and allowed communication between the marrow and the
periodontal ligament; Since the marrow often appeared to be of a fatty
naturé, this perhaps accounted for the oc;asional appearance of holes
that morphologically resembled fat cells in the ligament though an
appropriate tissue stain would have been necessary to identify them as
such., |

Inflammatory cells were notea in some marrow spaces but their
relationship, if any, to the observed tissue response could not be ascertained
in the present study primarily because of the lack of control material which
made it untenable to conclude that they were, indeed, a significant,
component 6f the tissue response to pressure,

The lack of root resorption indicated that it was not a part of the

early tissue reaction of the periodontal ligament to tooth movement.
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SUMMARY AND CONCLUSIONS

An effort has been made to determine the early tissue response
to tooth movement forces with emphésis on establishing the order of
évents invdlviég cell loss and fiber changes in pressure areas of the
human periodontal ligament. o

A 70 milligram tipping forée was applied to the lingual surface
of the maxillary first bicuspids of four patients for a period of time

ranging from one to four days. Subsequently, these teeth, which had

previously been indicated for removal as part of the patient's orthodontic

5 o

treatment plan, and a portion of attached buccal alveolar bone were
removed and prepared for histologic exam%nation.

The following conclusions were based on the observed tissue respbnse
in pressure areas of the periodontal ligament:

l. A reduction in cellunlarity was noted to occcur before any
observable fibrous change took place, .

2. This disappearance of ceils was a common finding and seemed to
start in a layer adjacent to the alveolar bone and proceed towards the
root surface until complete cell-free areas extended the entire width
of the ligament.

3o The fibers in these areas usually were not changed, However,
occasionally they appeared to be compressed and at one point an alteration
of their staining characteristics indicated that a possible structural ox
histochemical change had occurred, which was interpreted as being
hyalinization of the periodontal ligament.

4, Bone resdsrption of both the frontal ani undermining types was
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limited but did occur enough to conclude it was a part of the early fissue
response to pressure.
5« Root resorption was not noted in this area during the first four

days of tooth movement.
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Figs 1 A Representative Appliance in the Mouth.



- Fig, 2 Buccal View of Surgically Removed Tooth with

Attached Alveolar Bone,



Fige 3 Twenty-four Hour H & E Stained Compression

Zone Cell-free Area,



Fig, 4 Seventy-two Hour H & E View of the Periodontal

Ligament Containing Unusual Vacuole Formation,




Fig. 5 Ninety-six Hour H & E Cell-free Compression Zone.

(Note cell nuclei in osteocyte lacunae.)




Pig. 6

Ninety-six Hour Mallory Stained Section of

Compression Zone Showing Color Change on

Extreme Left Which Was Interpreted as
Hyalinization of the Periodontal Ligament

Fibers.



Fig, 7 Ninety-six Hour H & E Stained Compression Zone

Showing Cell Free Area and Undermining Resorption

in a Marrow Space,



