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- INTRODUCTION

Ever since Sandstedtl first reported his histologic findings on a2 dog
in 1901, the complex biologic mechanisms involved in the phenomehon of
tdoth movement have remained somewhaf obscured. VIn 1911, Oppenheim2
p&blished results of hisvtooth movement study in baboons which differed
slighily from Sandstedt’s findings. It was notAuntil the late 1920's and

4

early 1930's that a number of authors, notably Stallard,3 Schwarz, ' and

5

Gottlieb” contributed markedly to Oppenheim's work. One of the firsi

histologic studies done on human tooth movement was reported by Herzberg
in 1932.% oppenhein’*® 9,10

and Stuteville also did some significant

work on human studies. Recently (1951 to present) Bed-tar P02 ag
done the majority of histologic studies ihvolving human tooth movement.
The experimental model for the ipllowing inveétigation_was similar
to that utilized by Church (1971).15 This model was based on R L
work in which a 70 gram continuous tipping force was placed on a human
tooth using & fixed appliance, similaﬁ to that used by Stuteville.9
Church reported morphologic evidence of fat-like cells or "signet ring
cells" within the periodontal ligament space after 21 days of tooth
movement. He described the phenomenon as similar to "fatty degeneration.”
Due to this unforeseen result, he was not able td confirm the actual
presence of lipid within the "signet ring cells," since his specinmens
were subjected to laboratory procédure which oblitérated all existing fat.
Therefore it was difficult to use a specific lipid stain, which best

utilizes a frozen section technique.

This was not the first time this histologic pattern was observed.



Oppenheim7 observed an abundance of large vessels and capillaries in the
periodontal membfane that suggested an "angioma-like" appearance in some
bf his speciméns of human tooth movement. Stutevillelo and Reitanll algo
observed this result in some of their specimens but declared them ertifacts,
Kronfeld;évreported a similar situation in human necropsy material,
However, to our knowledge, this was the first time that the term "fatty
degeneration had béen used to describe this hiStologic ﬁattern in a
tooth movement étudy. |

The purpose of this investigation was to repeat the expériment done
by Church14 at the 21 day time interval and to ascertain the presence of
fat or fibrin within these vacuoles or spaces, if they existed, by using
& more approp;féte specific histologic staining technique. The presence
of fibrin would sxiggest the morpholdgic evidence offered by Church to
have been in error and implicated the ﬁfesence of blood wvascular channels,
Lastly, the possibility of these spaces to have been unknown artifacts

would be investigated,



REVIEY OF THE LITERATURE

In 1901, Sandstedt published the first histologic investigation
dealing with the orthodontic movement of teeth in his book, Nagra

bidrag ti11 tandregleringens teéri.l In his experiments on dogs; he

exerted an undetermined lingual tipping force on the upper incisors by
means of a labial wire attachedrto jackscrews on the canine teszth.
Affer a histologic examination of the Specimen, he found deposition of
boneron the side of pull with both '"weak and strong" forces. The newly

formed bone spicules followed the direction of the strained periodontal

fibers. On the side of a weak force pressure, there was an even alﬁeolar
bone resorption. Héwever, when strong f?rces were placed on the tooth,
the PbL was compressed on the side of pressﬁre and there was no alveolar
bone resorption. He claimed that the” PDL had lost its ?itality due to
interruption of its normal blood supply. In order to allow tooth
movement, this "necrotic" material had to be removed by the active
resorption from the underlying @arrow'épaces which he called ”gndermihing
resorption.”

| Oppenheim published the second major paper on the histology of tooth
movement in 1911.2 Using an expansion arch first designed by Angle, he
initiated a tipping movement on the deciduous teeth.of baboons. He
reported that the architecture of the alveolar bone on the pressure side
was "transformed" to spongy bone, when a "weak" force was applied to the
tooth., The bony spicules were orientatéd vertically to thé long axis of
the tooth ani parallel to the fibers of the PDI. Wnen an "intense" fprce

was placed on the tooth, the pressure side of the alveolar bone was



unaltered. He attributed this to the injury of the cells caused by the
severe compression of the PDL. On the side of pull, he found this
transformation of the bony architecture as well as active bone formation

on the éurfaces of the bony spicules closest to the tooth. Later, Stallard3
offered a critique of Oppenheim's work. ﬁe refuted Oppenheim's conclusions

because of methodology, although he presented no original histologic

- research torverify his_conclusions.
In 1932, the first quantitative study of force compared to the

biologic reaction of the PDL was published by Schwafz.4 Ee placed

continudus tipping forces on the teeth of a dog. Using a variable force

spring for a period of five weeks, he found the reaction of the PDL varied

as to the amount of force. With forces of 3.5 and 17 grams, there was

active resqrption on the side of pressure. The PDL remained vital with

no neC;otic regions. However, when a fofce of 67 grams was placed on

a tobth, he found an area of the PDL which was not nucleated and was

changed into a "structureless mass." He noted that the PDL was so

compfessed that blood could not circulate in the region of pressure and

hence the tissue had "suffocated" and had been "destroyed." From this he

conclﬁded that the force that was most favorable to move teeth orthodontically

was that "not greater than the pressure in the blood capillaries." In man

and most mammals, this pressure is 15 to 20 mm. Hg or about 20 to 26

grams for one square cm, of surface area.

| In a series of investigations on dogs and humans under.traumatic

- ocelusion, Gottlieb5 corraborated Sandstedt's findings. He found frontal

fesorption on the pressure side with light forces, but necrosis occurred

when heavy forces were used. These areas of compreséion were removed by

the process of undermining or rear resorption. On the tension side he



. feund bone fdrmation.

Herzberg in 1952,6 published the histologic results of movement of a
pgemolar in an 18-year-old female. The significance of this report was
that it was one of the first on human toéth movement., Initiating a lingual
tipping movement with a continuous elastic force, he accomplished é two
millimeter movément of the lingual cusp tip over.a period of 70 days. Due
to techniéal difficulties, the pressure side was mutilated during surgery
and was inadequate for histologic examination, On the side of pull, he
found the alveolar bone was arranged in spicules at right angles to the
long axis of the tooth similar to the findings of Opperheim in baboons,
ﬁe concluded that on the basis of the material obtained, the reaction of
human alveolar bone under active orthodontic therapy was similar to that
of baboons as described by Oppenheim.2

The next major publication of a humgn tooth movement study was
presented by Oppernheinm in 1935.7 He moved the maxillary fi;st‘bicuspids
of patients reguiring extractions for orthodontic purposes by a variety
of methods. They included an Angle expansion arch, a straight spring
soldered to the expansion arch, a spring on a linguasl arch, and a closed
loop spring. These appliances placed either a continuous or intermittent
tipping force on the tooth and were activated at varying time intervals
from 30 to 115 days. He, like everyone else, experienced a variety of
bioclogic reactions between all specimens, even those on the same patient
using the same appliance., However, there were some similarities in the
specimens so that he could form soﬁe basic conclusions abcut the different
tissues of the periodontium., The reaction of the alveolar bone differed
from his findings in baboons. On the side of pressure, there was frontal

resorption by osteoclasts, and on the side of traction there was an even



apposition of "osteoid." He also found in all specimens some degree of
cemental‘resorption. This wéuld be better termed lateral root resorption
since the resorption bays extended into dentine. In the PDL, he noted the
formation of a "buffer,” consisting of increased and eﬁlarged blood-filled
vessels and capillaries. He concluded that this "angioma-like" fofmation
interceptea the pressure acting like a sponge or cushion. He found this
phenomencn present only when weak intermittent forces weré‘piéced on the
tooth and never with either continuous or strong intermittent forces. ﬁe
claimed these latter forces interfeped with the vitality of the cells of
the PDL preventing resorption to take place. He also concluded that the
Vadvantage of having this "angioma-like" formation is the favoriﬁg of bone
resorption due to the proiimity of the blood vessels to bone. However,
this could also have a deletrious effect in favoring the resorption of
cementum and dentine, i |

‘In 1938, Stutevi11e9 published his tooth movement studies on humans
and dogs. By use of a fixed lingual arch and attached finger springs, ‘he
initiated a continuous buccal tipping force on the maxillary first
bicuséids of his human patients. He varied the force between 5 and 150
grams and the time interval between 29 and 98 days. In one specimen in
which a 100 gram fbrce was exerted over a 29 day interval, the tooth was
pressed against alveolar bone causing a "necrosis" of the PDL. Apically
and occlusal to this necrotic arez, undermining resorption was taking
place. He interpreted this reaction as the result of the compression of
- the PDL, thus obliterating the floﬁ of blood. This resulted in anoxemia
of the tissue and necrosis followed if the pfessure was maintained.

In a later article, Stutevillelo comrented on the "angioma-like"

formation rejorted by Oppenheim., He interpreted these as "areas of
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-~~~ autolysis of the necroticvconnegtive tissue in the periodontal membrane
together with tearing during removal followed by shrinkage during
preparation.” He based this on his own histologic material in which he
found no endothelial lining in thesé areas, as well as the lack of blood
cells within these areas. He also could not trace these into hlood vessels
by serial section. ’ |

In 1942, Oppenheims commenﬁed on Stuteville's assertions on his
findings. He claimed that these "angioma-like" areas were not artifacts;
that they were formed under a light intermittent force and not under either
a stroqg or continuous force, Vhen a strong force was placed on a tooth,
he said necrosis occurred. This was removed by undermining resorption
thus relieving the pressure. Under these conditions, it was not necessary
to form this "proteptive cﬁshion of vessels." He stated that this
phencmenon counld be considered a pecdliérity of human PDL. He also
suggested that this Qould be some kind of ﬁfibroid degeneration" as
described by Hopewell--Smith.l8 Characteristic of this degenerétive process
was the "areolisation" of the PDL. Also the spaces had no definite walls
of other blood wvessels and all traces of osteoblast and epithelial rests
of Malassez had disappeared,

Probably the most significant and extensive studies of human tooth
movement were published by Reitan starting in 1951. His first studies
were done on dogs, and he uséd these findings as a model for his human
tooth movement evaluation.

14

Based on his experiments on dogs, Reitan” reported the formation of
"néecrotic pressure areas" that must be removed by undermining resorption.
He stated that a Ycontinuous force may result in stasis of blood capillaries

and 'hyalinization' of the collagenous fibers with diminution in the
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number Qf cells."14

In his later publications, any cell-free area of the
PIL was said to be "hyalinized."12 Actually, this was not a new finding
for all he did was to substitute his own term for a histologic patiern
originally described by Sandstedt; as "necrotic" tissuse.

In 1951, he reported his findings on the mexillary premolars of 23
young patients aged 11 to 13 which had been subjected to a variety of
forces for varying amounts of time, In one specimen in whichga fixed
appliance exerted a 70 gram continuous tipping force for two deys, he néted
the appearance of hyalinized PDL on the side of pressure. He also noted
_that the capillaries were partly compressed, and there was a presence of
"pyknotic" nuclei. VWhen heavy forces were placed on a tooth by an
activator contéﬁﬁing a mid-palatal jackscrew, hyalinized areas on the side
of pressure were also found., He concluded that this hyalinized connective
tissue was more resistant to resorption ;nd the avoidance of a force
which could cause this hyalinization would result in the faster movement
of teeth, He also commented that he found several specimens with an
"angioma-like" appearance (Oppenheim) But called them obvious artifacts,
gince they appearsd in only two of his histelogic speciﬁens.

In later publications, Reitan12’l5 formulated some clinical
apolications based-on his histologic findings. He believed that during
tipping movements the PDL was characterized by the formation of cell-free
areas and that these areas preveﬁted the resorption of bone. Hoﬁever, in
bddily movenents there was less of a tendency to form compressed areas, for
the force was distributed over the whole alveclar wall, EHe stated that
light forces between 50 and 75 grams could prevent the formation of

additional cell-free areas after the removal of the initial hyalinized

areas by undermining resorption., He explained tooth movement on a
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--piological basis. The initial movement was the compression of the PDL which
took four to séven days. - This was followed by a lag phase of about two fo
three weeks in which there was no movement due to the formation of hyalinized
areas, After this time period, which was about 30 days, the hyalinized éreas
were removedAby underminihg resﬁrptién, and frontal resorption and active
tooth movement were initiated.

In 1971, Churchls_conducted a study on human tooth movement. He placed
a 70 gram continuous bucc#l tipping force on the upper premolars of
.selected orthodontic patieﬁts. The applianéesfused were fixed lingual
arches with attached finger springs. He then obtained his pressure side
gpecimens of alveolar bone and tooth, gt fixed time intervals of seven, 14,
21, and 28 days.”

His findings were as follows: At the end of seven days, he noted ﬁhe
presence of cell-free areas along with undermining resorption from
marrow -spaces in areas of compression., At 14 days; most spgcimens showed
limited cell-free areas and the éresence of immature fibrous bone. His
most significant findings occurred at the 21 day interval., Most of his
specimens showed a widened PDL space with stasis of blood vascular channels.
There was little or no osteoclastic activity, although there was some
osteoblasfic activity along with the presence of fibrous immature bone.
Reorganization of the PDL was evident by the capillary budding in areas of
previous thrombosis and the return of the new PDL cells. Also, thé fiber
bundles were widely separated and the presence of occasional myelinated
nerve bundles was reported. In tﬁree of the specimens, he reported the
morphologic evidence of "fatty degeneration." He based this éssumption
on the appearance of "vacuoles in the PDL created by the characteristic

'signet ring‘cells'iin which the nucleus his been forced to the periphery
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of the cells, leaving a large round vacuole for fat storage." He
attribufed the formation of these areas‘of "fatty degeneration" to local
ischemia, brought about by a '"change in thé resident cells due %o anaerobic
glycolysis from reduced blood flow rather than an infiltration of cells from
other areas.ﬁ Also associéted with this fatty degeneration was a large
amount of lateral root resorptién. At the end of 28 days the primary
finding was of PDL reorganization. He aléo noted the presence of
macropvhages in locations thch appeared to be fqrmer areas of fat deposit.
| The biologic phenoﬁenén in which there‘is an increase of histolqgical
. demonstrable fat in the parenchymsl cells of an organ or tissue has been
described by a number of similar terms. They include fatty metamorphosis,
fatty infiltration, lipomatosis, fat phanerosis and fatty degeneration.

The interchange of these terms by various authors has led to some
confusion as to their exact definition.

Smith and Gault19rdivided fattygpetamorphosis>into two categories,
fatty infiltration and fatty degéneration. They claimed that fatiy
infiltration or lipomatosis was caused by the incomplete combustion of
excess ingested fat, either through insufficient exercise or some change
in physiology. This resulted in the excessive deposition of fat in
various tissues of the body. It could be thought of as a normal
physiological process and it only became pathological in extreme cases.
They stated that fatty degeneration was an intracellular pathologiéal
process which was due to cell injury. This injury was most likely due to
tissue anoxia caused by either thé direct mechanical interference of
blocd flow, severe anemia, or circulating toxirs which disrupted the
normal metabolism of the cell, thus interfering with normal oxygen supply.

They could not explain the actual mechanisns involved in fatty degeneration
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but considered the source of the fat as the unmasking of previously present
lipids, a process known as fat phanerosis. They describéd the typical cell
as 6nevin which the cytoplasm.was finely granular or vacuolated. They
reported that Virchow had this similar finding giving the cell aAfoamy
appearance in the usual H and E stained preparation.

T&llis20>also called this increase in fat, fatty metamorphésis. Hé
described the involved cells as having "sﬁall or large clear'éytoplasmic
vacuoles" in routine H énd E sections. The cells often showed other
degenerative changes; expecially cloudy swelling and hydropic degeneration.
It was usually found in the liver, heart, or kidney, but was occasionally
seen in other tissues. In the kidney and heart,vthe chief cause was
cellular injury due to toxic agents or anoxia, and he termed this fatty
degeneration. In the liver, fatiy metamorphosis could be caused by two
different methods. When there was an "eibessive mobilization of depot
fat,ﬁ he called it fatty infiltration, When‘the cause was the "impairment
of hepatic ﬁtilization and,secretion of lipids" due to injury of the
liver cells eitherlﬁarbon tetrachloride poisoning, the toxemia of
infection, or anoxia, he reported it as fatty degeneration.

Andérson,21 Floreyzziand Cameron23 all stated that when the fatty
change was due to cell injury, the appropriate term to use was fatty -
degeneration. One of the main causes for this cell injury was severe
anoxia in which the cells were denied an adsquate supply of ﬁxygen to
maintain their metabolic functions,

In a study of 270 patients proven to have fatty metamorphosis of

the liver on biopsy, Leevy24

examined the possible causes for this fatty
change. He found it difficult to determine the specific mechanisms

involved, althoughk he stated that the fatty change was the result of an
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overall disparity between the rate of deposition and removal of neutral fats.
‘Among the many poSsible causes he listed for this change,‘alcohol, heart
disease and diabetes mellitus were the major findings.

Arnother reascn for the presence of fat within various tissues could
have been the regeneration of fat, Maximow and Bloom25 believed that any
Prbrableat hai T potential tovbe turned into a fat cell, althbdgh this
had not been proven conclusively. Another possible source could hgve
been from undifférentiéted mesenchymal cells,

Clark and Clark26 using clear "round table chambers" in the ears of
rabﬁits noted the appearance of intracéllular fat in half of their
samples when éxamining regenerating tissues in this cellffree ared,

These fat cells were in close proximity to regenerated capillaries in
areas of slow or sluggish circulation., Since serial studies were
possible, they found that these fat ceilé'formed from fibroblast-like
cells. At first the fat appeéred as small dropleté which continued +o
increase in size. Finally, it displaced practically all visiblé cytoplasm,
forcing the nucleus and cytoplasm to the periphery to the cell, forming
the "signet-ring" form of adipose tissue. They also noted the reverse of
this process. However, the cells never reverted to their original
spindle-like appearance due to stretching of the cell wall. The fat from
these cells was derived from either a soluble form or from intracellular
activity but never from phagocytosis of exiracellular fat droplets.

The only other published reports on human material involving either
- fat or "angioma-like" formation within the PDL was by Kronfeld and Boyle
on necropsy matérial. Kronfeld16 exarined the jaws of a ten—year.oid

Negro child who had died of sickle cell anemia. On examination of the

distal side of th2 upper right cuspid, he found a great number of



16

‘enlarged blocd vessels withih the compressed PDL, He deduced that this was
an area similar tovthe "angioma-like" formation described by Oppenheim,

He claimed that this phenomenon was pfoducéd by the intermittent forces of
eruptibn andrlip piessure on the tecoth. Boylel7 stated that embedded teeth
or teeth without an antagonist for a long time wogld transform their
'fibfous PDL into fat tissue as a resﬁlt of inactivity. He showéd an upper
sécond molar'which,had }ost its antagonist for several decades, ‘Part of
the PDL had been completely replaced by fat'tissue, similar“to that found
in the marrow spaces. The former alveglar bone seemed to run through

the fat tissue like a trabecule of cancellous bohe.

In summar&, the earliest histologic study of tooth movement material
was initiated 5§wSandstedt (1901), Other studies on animals were
conducted by Oppenheim (1911), Schwarz (1932), and Gottlieb (1930!'s).
After the first human orthodontic tootﬁ ;o§ement was published by
Herzberg (1932), a number of other authors conductéd studies in this
field including Oppenheim -(19375), Stuteville (1938), Reitan (1951 to
present) and Church (1971). Also various mechanisms concerning the
pdssible presence of fat within the PDL were examined,

| From these studies it can be concluded that following the application
of force on a2 tooth, there is a resulting compression of the PDL on the
side of pressure resulting in the formation of acell-free area. This
area is removed by a process of undermining resorption from the adjacent
mafrow spaces with the resultant re-establishment of the normal PDL space,
However, the associated changes seen within this re-established PDL space
remains in question. Whether or not these observed vacuoles found in PDL
of some specimens represent fat, capillary spaces, of artifacts remains

unanswered.
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MATERTALS AND METHODS

- Four orthodoutic dental patients who required the extraction of
méxillary bicuspids were utilized in this study. They included two males
and two females aged 12 to 14, A lingual appliance (fig. 2) which
created buccal tipping of the maxillary first bicuspidsnwaé a;tivated
with a force of 70t5 grams aﬁd stabilized by cemented molar bands., Tﬁe
finger springs were calibréted by a dead weight loading device and
fabricated from .016 inch standard stainless steel orthodontic wire
(Unitek Corp.). These springs were designed with a double helix and a
‘five millimeteffiéver arm to yield the required load at a deflection of
4-5 mm. The~springé were checked in the mouth at the time of insertion
with a calibrated elastic tension gauge (fig. 3).

On the tip of the lingual cusp of the maxillary first bicuspids,
small indentations were placed with a dental handpiece using a No. %
round bur, The distances between the indentation on one side and an
occlusal pit on the opposite side maxillary bicuspid were taken
using a divider and transferred to an index card, The occlusal pits
used were marked on the study cast for later identification. Also, the
distances between opposite side indentations were recorded. The patients
were seen on the seventh, 14th, and 21st days after placement of the
appliance to record the distances between the previously mentioned
reference points. At the time of surgical removal, the finger springs
were checked with the elastic tension gauge to determine the amount of

force exerted by the finger springs.

At the end of 21 days, the maxillary first bicusprids with
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approximately 10 mm., of buccal alveolar bone (fig. 4) were surgically
renoved, Healing following the extraction was uneventful,

After a running water rinse, the speciﬁen of tooth and bone was fixed
in avten perqent neutral buffered formalin solution, After 30 minutes in
fhe solution, the crown of the tooth was sectioned from the root and bone
by a high-speed dehtalvhandpieceo The specimen was then returnéd to the

fixative for 24 hours. Decalcification was accomplished in ten days by

/" citric acid-sodium Sijra%e solution, Twelve micron frozen sections were

cut on>a clinical microtome employing C02 as the freezing agent. These
sections were floated on water prior to stainihga Representative sections
of each specimén at the cervical area, 0,5 mm., 1,0 mm,, 1.5 mm, and 2,0 mm,
apical to the cervical area were obtained. The sections were routinely
stained by Hemotoxylin and Eosin, Sudan Black B lipid method, and an
Acid Picro-Mallory method for fibrin,

All slides were coded and read by two independent observers using a
Zeiss GL 4 brightfiéld microscope and photomicrographs were made on a

Zeiss photoscope. The data was compiled in Table 1 according to

subjective evaluation of the slides by-the observers.
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HISTOLOGIC OBSLERVATIONS

The sample for this étudy consistedIOf seven teeth with attached bucecal
aiveolar bone obtained from four‘orthodontic patients who required the
extraction of maxillary first premolars.‘ One spécimen was damaged during
histologic sectioning and was dnsatisfactory for stddy. Ail‘épecimens wére
of tooth and pressure side alveolar bone which had been subjected 1o a
continuous tipping force for 21 days.,

There was much individual vériation in the reaction of the tissues
of the periodontium to the forces placed upon them., This made a single
explanation ofr;ﬁét actually happened during tooth movement difficult.
However, there werensimilarities in the reactions so that some basic
conclusions couldrbe made.

Six of the seven specimens showed areas of compression of the PDL.
Agsociated wifh this compression was the appearance of cell-free areas
characterized by the condensatioh of tﬁe collagen fibers, the absence of
all PDL'cells, and the obliteration of all blood vascular channels and
nerve bundles (figs; 5,6). This created the characteristic cell-free

11,12,13 ¢ thyalinized" PDL tissue. These zones

zones described by Reitan
were limited to the alveolar crest region of the PDL. Inrsome specimens,
the compression was so severe that the alveoiar bone almost contacted |
‘thé tooth. On sectioning, these areas experienced some tearing or
separation artifacts (fig. 6). This gave *he impression thaf the tiésue
was necrotic and hence tore easily in the frozen section technique.

A1l specimens showed areas of active frontal bone resorption (fig. 7)o

This was evidenced by the presence of numerous osteoclasts lying within
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‘Howship's'lécunaeo Adjacent to the cell-free areas, the resorption of

the bone from the PDL was in an undermining fashion (fig. 5). In some
spécimens, spicules of resorbing bone seemed suspended in the‘middle of the
PDL, due to the joining of these resorption pockets from both sides of the
cell-free zreas, Most specimens showed osteoclastic activity within the
marrow spaces resembling the "undermining resorption" first des&ribed by
Séndstedtl (fig. 8}y I8 some areas these pockets of underéining resorption
had broken through the alveolar bone into the PDL space.

Lateral root resorption was present in all specimens which exhibited
cell-free areas, The resorption was in an active state at the time cf
extraction due‘to the presence of dentinoclasts in their resorption bays
(figss 7,9). The Toot resorption was seen in areas of the tooth adjacent
to cell-free zones., No root resorpiion was seen in the one specimen that
did not exhibit a cell-free area. i

Adjacent to these cell-free areas, the PDL spéce was widened. The
major finding in these areas was the vigorous reorganization of the PDL
(figs. 7,9). This was characterized by the presence of numerous blood
véscular channels, which were identified by the presence of red blood
cells within their lumen. In some cases these areas of capillary budding
resembled the "angioma-like spaces' described by Oppenheim7 (fig. 8),
The céllagen fiber bundles were disorganized and widely separated. This
made fhe identification of glomera of the PDL, as describéd by Provenza,27
very easy (fig.‘lO). In normal PDL; these glomera, or groups of arteriovenous
shunts surrcunded by a fibrous capéule, appeared to be masked by the fibers,
Very few areas of ostecblastic actiﬁity were prasent, rNéwly formed‘fibrous

immature bone was present in these areas.

On examination of the Sudan B stain fur lipid, only one specimen
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showed evidence of fat within the PDL space (fig. 11). It consisted of
Sudan B lipid positive cells located in an area where & marrow space
communicated with the ?DL space., Within this marrow space, positive evidence
.of adiﬁose tissue was present.. The myelin sheaths surrounding nerve fibers
were seen within the reorganizing PDL with this lipid stain {fig, 17).

—.gé’-’t/;) A B
The Acid-Picro Mallory stain was a specific¢ stain for fibrin. In none

of the sections was there any evidence of fibronoid, a derivative of fibrin,
Areas of hemorrhage wers found adjacent to cell-free zones. The

disorganization of the fibers and the presence of glomera of the PDL were

well demonstrated by this staining method (fig. 10).
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DISCUSSION

The appliance consisting of a fixed lingual arch with atteched finger
spiings proved generally satisfactory for this study. However, some:
disadvantages became apparent. The finger springs often slipped under
the lingual cervipal gingiva and had to be re-bent to miniéizé this
displacement. No appliances were broken or lost and the patients reported
no apparent displacement of the finger springs between appointments. Some

springs lost force during the 21-day interval., When the springs were

checked in the mouth with the elastic tension gauge, approximately half

-

of the force had disappated in some, while the force remained unchanged
in‘otherso The possible cause for the loss of force could have been the
fatigue of the wire due to stresses placed on the springs while in the
patient's mouth., This variety of forees could have been a possible cause
for the variefy of tissue reactions exhibited by the specimens, A method
of placing a constant continuous forcevon a tooth could eliminate this
source of error, Oppenhein?listed bent or broken springs and the slipping
of the springs under the gums as disadvantages of the lingual arch appliance
during his investigations. This was also reported by Church.l5

' The method used to record the amount of tooth movement was adequate,
The estimated range of total error was 0,2 mm, This was the approximate
erfor obtained on repeated measurements on a single specimen., Compared to
the actual movement recorded, this was relatively a large amount. The
sources of error were many. The main reason was the difficulty in

establishing the passive position of the extremely mobile teeth. Other

reasons were the difficulty in locating the exact reference pit on the



apposing'second premolar, and the error in the transference and measurement
of the distances on index cards. . These recorded movements were of the cusp
tips and juéf reflected the actual-movementAat the cervical area of the
tooth,

The movements of each specimen at the end of’the seventh, l4th, and
21st day were recorded in Table 1. They were also interpreted graphically
(figo 2 These measurements were used to show the relative amount of
_tooth»movement, énd to help explain the possible,biologic reasons for this
movement., This was in no way an empirical study of tooth mbvement, and
© statistical analysis of the data was not undertsken due to inadeguate
samplg size, ﬁowever, the total range of possible error was reported (figh 1)

The indivié&él variation of tooth movement was probably the most
significant finding. Even on différeht teeth of the same individual,
thermovement varied., However, six of thé eight specimens reacted in a
similar manner, »ssed on these reactions, some conclusion could be made.
The amount of movement was greatest during the first seven days; Most
of this movement could be atitributed té compression of the PDL. There was
aiso the possibility of bone bending. » During the néxt seven days, there‘
was relatively little or no movement recorded., This was probably due to
the presence of cell-free areas that had not yet been removed by
undermining resorption. These findings were in agreement with those of
Reitan.lz’l3 During the last seven days, there was a slight amount of
movement. This could have been due to the elimination of the original
cell-free areas and the formation of new cell-free areas apical to the
original areas. Another possible reason could have been the frontal
resorption of the more cervical portions of the cell;free zones, leaving

only the more apical portions. These conclusions were based on the
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presence of cell-free zones in five of the six specimens and the presence of
PDL tissde cervical.to these.cell-free;zones with no attached buccal alveolar
bone. Since one specimen was unsuitable for histologic examination, definite
evidence of this reabtion was not. possible., This differed from Reitan's
conclusions. He stated that once a cell-free "hyalinized" area waé removed
by undermining resorption, the formation of additional "hyalinized" areas

13

was unlikely if the forces used were not greater than 75 giaﬁé. He also

stated that active movement by frontal resorption of alveolar bone began
after about 30 da;ys.12’13
The other two specimens showed very little movement during the 21
days. However, the reactions of their PDL's were quite different. 1In one
specimen there were no cell-free areas and active frontal resbrption was
taking place. The other showed z large cell-free area along with an
extensive amount of undermiﬁing and root\ieSOrption. The possible reasons
for the first reaction could have been the loss of activation of the
finger spring, the blocking out of the tooth preventing movement, or just
the normal reaction for that particulaf PDL. The reason for the second |
reaction was probably caused by the formation of a large cell-free area.
Due to its extensive manner, this area had not yet been removed by
undermining resofption resulting in little or no tooth movement.
There were no complications associated with the Surgical removal of
the specimens. The attached buccal bone was not separated from any of
the specimens as evidenced by the lack of separation artifacts on histologic
eiamination. At the time of the sﬁrgical procedures, it was thé
subjective evaluation of the oral surgeon that there was an increase in

vascularity of the bone specimen, He also commented that the tissue at

the cervical portion of the specimen resembled granulation tissue. Close



examination of the specimens showed the cervical portions of alveolar bone
to have an ercded énd frayed appearance, Also the height of the bony
attachments seemed more apical than normal.A All this gave the impression
~ that the nost cervical parts of the alveolar bone had heen resorbed.
However, the lack of controls mgde this evaluation strictly subjective.

The need for contfols for this and other reasons, should be considered for

future studies,

There were many problgms associated with the histologie technigues
used, During the frozen section technigue, one specimen was damaged. The
buccal alveclar bone was separatéd from the tooth and the section was
unsatisfactory>for study. There was also difficulty in obtaining sections
at exactly the éiéas indicated for study. Increased experience in the use
of this technique may eliminate these errors in the future. On routine
H ahd E staining of the frozen sections,\the_specimens showed shrinking
or tearing artifacts (fig. 13). The stains were répeatedeith'a modified
technique and these artifacts were avoided. In the sections stained with
Sudan Black B, not all fat cells withih the marrow spaces were positively
stained (fig. 14). This was probably‘due to the obliteration of the
lipid contents of the cells on sectioning. This made the possibility of
some fat cells within the PDL space not being positively identified. The
inerease in thickness of the sections to about 20 to 25 micra could
eliminate this artifact. There were also scme false positives‘when the
stain was trapﬁed within blood vascular channels. Evidence of a positive
reaction of the stain was the staining of some fat cells within marrow
épaées and the staining of the myelin sheaths surrounding nerve fibers

(fig. 12). 0Other possible sources of error in this staining technique

were pointed out by Louchard.28 He showed that the increase in pH
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greatiy»enhanced the positive reaction of the stain. He also explained
the instability of commercial preparztions of Sudan Black B, The use of
andther lipid stain in addition to Sudan Black B should be evaluzted for
~-fuature studies in wﬁich the iaentification of fat is indicated.

The major finding in the histologic examination was the presence of

cell-free areas within the PDL. In some arsas of severe compression,

the tissue seemed to bé necrotic, .This observation was based on the
fact that there were tearing or separation artifacts in these areas.
This gave the impression that the tissue was necrotic and hence tore
very easily with the frozen secfion technique. Thils probably was cazused
by the prolonged obliteration of blood supply by the compression of
blood vascularlgiannels in this area. This resulted in local ischemia
and the resultant céll death and necrosi;. There was no evidence of an
infiltration of ihflammatory cells and heﬁée the necrosis was aseptic
in nature. This result was similar to that reported by Sandsﬁedtl in

i 9

dogs. Oppenheim' and Stuteville” also reported this finding in humans

using the same eXperimental model at similar time intervals. Reitanlo’ll'lz’l5
found this similar phenomenon in.his studies, bﬁt disregarded the older

terms of "necrosis" and "degenerstion" and called it "hyalinization."

This term means the formation of a substance which on gross or microscopic
examination appears glassy, homogenous and translucent.Bo Although

this was a more convenient term, it did not accurately describe the

histologic pattern observed. He later stated that these "hyalinized"

aTeas remained for a period of about 30 days when a continuous force was
placed on & tooth., After the removal of these cell-free zones by

undermining resorvtion, additional "hyalirized" areas would not be formed

with forces netween 50 to 75 grams.' Church15 reported that only one of
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-his specimens exhibited a cell-free area after 21 days., The rest showed
Va widénéd PILAspace along with reorganization of the PDL. The results of v
the present study closely resemﬁled Church's findings at the 14;day inte:val°
This could ﬁave been attributed to the wide‘variation of reaction of the
PDL during footh movement.i Thé presence of cell-free areas at the end of
21 days could also have beén due to another reason. These areaé could
 have been formed subsequent to the removél of the original cell-free
areas, Initially, the PﬁL lacked the resistancg to absorb the 70-gram
force, Therefore, a contihuous constant»fofce would likely form other
cell-free areas once the initial pressure zones weré relieved, Since in
some cases the movement recorded was chh more than could be achieved by
compression of'the PDL space and bone bending, this explanation seemed
plausible, This interpretatioh would make this type. of tooth movement
an uneven, erratic process and not an ev;h‘and continuous one.
Frontal bone resorption in non—cgll—free‘areas‘and undermining
resorption from marrow spacesvwere in harmony with the findings.of
previous authors.1’4’5’9’12’13’l5
The finding of lateral root resorption in all specimens with
.cell-free areas and not in the one specimen without a cell-free area
implied a cause-effect relationship. These areés of root resorption were
located adjacent tb the éell—free areas, This gave the impression that
the clastic multinucleated giant cells could not distinguish between
tooth or bone tissue in their attempt to relieve the pressure in these
areas,
In areas of the PIL whichAwere widened, the major finding was the
vigorous reorganization of the tissue of the perioddnthnn. Capillary

budding was evidenced by the presence of numercus blood vascular channels,
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-._Méomé,of,these areas resembled the "angioma~like" appearance described by
Oppenheim.7 He stated4that this formation was a preduct of weak intermittent
forces and never of either a strong or céntinuous forces. He claimed these
latter forces caused necrosis of the PDL. In this study both strong and'
continuous forces were used and the formation of these "angioma-1like"
spaces resulted. The increase in vascularity appeared to be in direct
correlation to the incréase in activity within the PDL. This change was
probably brought about by éhe increased demznds of the reorganizing PDL
following the removal of préésure cell~free areas. This was dem§nstrated
by the absernce of increased vascularify in the one specimen which exhibited
no cell-free areas and the increased vascularity in the other specimens,
However, this increase Qas the sgbjective evaluation of the investigator.
In order to substantiate the relative increase in vascularity, controls
from the séme patients were needed. : .

The finding of glomera of the PQL in all specimen was a surprising

27

finding. Provenza ' described these as arteriovenous shunts surrounded
by a fibrous coat. These were located throughout the PDL but were more
numerous apically. He stated that the presence bf these glomera might
have some pathologic implications. Since the blood was shunted to the
efferent vessels by-passing the microcirculatidn, prolonged shunting
could prevent the '"metabolic interchange occurring in fhg capillary bed."
In this study, these glomera were seen in areas of vigorous reorgahization
of the PDL. The need for an adequate blood supply in these areas made
Provenza's explanation for their presence somewhat doubtful. The glomera
were easier to identify than in nérmal PDL tissue. This was probably due

to the disorganization of the fiber bundles, which probably mask the

glomera in rormal PDL. The need for controls would help in the



explanation of this_phenomenon.

| Very few isolated areas of osteoblastic activity were noted. The
presence of fibrous immature bone was the.éubjective evaluation of the
in;éstigatoro Frost29 stated that this bone or "osteoid seam" could

best be seen in fresh undecélcified secfions. He also stated that this
type of bone was not seen in deéalcified sections and the pink EOrders
seen in the'normalvH and E stained sections usuélly represented another
phenomenono Theée isolated areas of bone formation seemed to indicate an
-attempt by the alveolar bone to rembdel or repair itself due to changes ﬁf
pfessure within the PDL. However, the major bone remodelling process
exhibited was active frontal resorption.

Oniy cne specimen showed ;ny evidence of Sudan B lipid positive cells
within the PDL. These cells were located in one isolated area which
communicated with a marrow space contaiﬁing fat cells, This finding
indicated that fat cells could have gppeared withih the PDL space as a
result of movement of a tooth.info fat-filled marrow spaces. However,
since only a few specimens exhibited fat cells within their marrow spaces
of bucecal alveolar bone, and lipid-positive cells within the PDL were
demonstrated in only one>specimen, a valid conclusion could not be made,
In order to confirm this plausible explanation; additional studies at the
same or longer time intervals are needed.

Church described the presence of "signet-ring" cells within the PDL
ofihis 21-day sPecimens.' He concluded that these specimens exhibited
morphologic evidence of fatty degénerationo These cells were found
apically to former cell-free areas where there had been "prolonged

ischemic without complete necrosis." This ischemia was brought about

by the compressicn and "occlusion of a majority of vessels."lSCompression
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of the PDL was seen in the present study but this fatty change was not seen.
This made Church's conclusions highly unlikely, although it cannot be

totally discounted, His explanation as to the cause of this change was in

-agreément with the cause of faity degeneration in other tissues of the body

19,20,21,22,23 gy 00
H

aé_described by other authors. the possibility of

Church's histologic finding to be artifacts cannot be discounted by the

results of this study.
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SUMMARY AND CONCLUSIONS

The purpose of this study was to verify the histologic findings of
previous authofs dealing with human tooth movement, Of utmos?t concern
was the finding of vacuoles within the PDL following 21 days of'footh
movement. Also, possible. explanations fdr the presence of—tﬂésekvacuoles,
if they exist, were explored.

The saméle for this study consisted of four orthodontic patients

who required the extraction of maXillary first bicuspids for treatment.

Continuous buccal tipping forces of 70 grams were placed on thése teeth

-

utilizing finger springs attached to fixed lingual arches. Following

21 days of tooth mo;ement, these teeth a}ong with attached buccal
alveolar bone wére surgically removed and prepared for histologic
examinétion. Since one specimen was ‘damaged during histologid seétioning,
~the sample yielded seven specimens suitable for histologic study.

The histologic findings wers not unlike those reported by previous
authors; Following the application of forces that compressed the PDL,
the blood vascular'channels becane occluded; Continued application of
these forces resulted in 'necrosis" or "hyalinization" of the PDL, as
evidenced by the formation of cell-free areas. These areas were removed
by frontal resorption from the adjacent PDL aﬁd undermining resorption
from marrow spéces. »

"Based on the results of this study fhere were three possible
expianations for the presence of vacuoles within the PDL. The first was
the presence of a large numbsr of capillaries within the reorganizing

PIL giving the "angioma-like appearance" as described by Oppenheim.7
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The second explanation was concerned with the positive identification of
vfat célls within the PDL, using a specific fat-staining histologic technigue.
Church'sls‘explanation of fatty degeneration as the possible cause seemad

to be in error. Similar conditions that he stated were necessary for this
process to take place were observed withouf the appearance of this fatty
change., The more likely explanétion‘was the movement of the tobth into
fat-filled marrow spaces, resulting in fét celis being incorporated into

the newly established PDL space, The last possible explanation was that
.these vacuoles were artifécts of the histolégic staining techniques.,

cher conclusions based on the present study include:

1. Additional cell-free areas appeared to be formed following the
removal of the original cell-free areas. This vas based onvthe relatively
large amounts of tooth movement in some specimens that was more than could
be attributed to compression of the PDL‘épace and bone bending and the
presence of cell-free areas on histologic exémination of these specimens,

2. Lateral root resorption seemed to be a side-effect of the
formation of cell-free areas. The clastic multinucleated giant cells
could not distinguish between tooth ox bone in their attempt to relieve
the pressure in this area. Hence, areas of lateral root resorption were
found adjacent to the,cell-free Z0Tes,

3. There was a great increase in vascularity of the reorganizing
PDL. Besides the large numbef of capillaries being present, the finding
of many glomera of the PDL was surprising. Their identification was

. made easier primarilyvdue to the disorganization of the fiber bundles

of the PDL which unmasked the previously obscure glomera,
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-Fig. 2 An Occlusal View of the Appliance Used in This Study.



Fig, 3 The Elastic Tension Gauge Used to Check the Force

Exerted by the Finger Springs Within the Mouth.



Fig. 4 Proximal View of Extracied Maxillary IFirst

Bicuspid and Attached Buccal Alveolar Bohe.



Fige 5 An Area of Compression of the PDL Showing the
Characteristic Cell-free Zone., Also Seen are
Numerous Osteoclasts Involved in Widehing the

PDL Space,




Fig, 6 Area of the PDL Showing Severe Compression -~ at Far
Left Side is the Separation Artifact Interpreted as

Area of Necrosis,




Fig. 7 Lateral Root Resorption and Frontal Resorption of

Alveolar Bone as Seen in a Section Apical to a

Cell-free Area of the PDL,




Fig, 8 Area of Pressure Showing "Angioma~-like Spaces".

Note also Finger of Undermining Resorption from

Adjacent Marrow Space.,



Fig, 9 Acid-Picro Mallory Stain Showing Reorganization of
the PDL. Note the Disorganized Fiber Bundles,
Capillary Budding, Frontal and Lateral Resorption

of Alveolar Bone and Root Resorption.



Fig, 10 Acid~Picro Mallory Stain Demonstrating Glomera

of the PDL.



Fig. 11 Sudan Black B Stain Showing the Incorporation of
Lipid Material Within the PDL Space Noted by the

Presence of Black Areas,




- Pig. 12 Sudan Black B Stain of a Neurovascular Bundle of
the PDL., Note the Black Aress Indicating the Staining

of the Lipid Material Within the Myelinated Werve Sheath,



Fig. 13 Shrinking and Tearing Artifacts as Noted with the

Original H & E Staining Method.




Fig. 14 Sudan Black B Stain Showing a Fat-filled Marrow
Space, Note that not All Fat Cells are Positively

Stained for Lipid Material.



