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It is generally assumed that a stable posi-
tion of the teeth in the dental arch after
orthodontic tooth movement can only be
established when the connective tissues of
the periodontium have been allowed to
adapt to the newly created situation. If
adaptation does not occur, the teeth may
show a tendency to return toward their
original positions after removal of the
orthodontic appliance. To decrease re-
lapse, many authors recommend overcor-
rection of the teeth and the use of reten-
tion appliances for a considerable period of
time to enable the periodontal tissues to
readjust themselves. Since it is thought
that, in response to certain types of ortho-
dontic tooth movement, it is especially the
supra-alveolar structures that contribute to
the relapse, some authors also advocated
the removal of the interdental gingiva by
means of a simple gingivectomy or cutting
the transseptal fiber system which inter-
connects adjacent teeth in the dental
arch.'®2! Thompson*® was able 10 show
that, after orthodontic tooth movement in
monkeys, gingivectomy may indeed re-
duce relapse to a considerable extent Sim-
ilar observations have been described by
other authors.>!!

Reitan was one of the first who at-
tempted to study the mechanisms underly-
ing rearrangement of the periodontal
tissues after orthodontic tooth movement.
Examination of the periodontal tissues of
the dog immediately after rotation of a
tooth revealed a marked displacement and
stretching of fibrous structures in the free
gingival fiber group, thereby demonstrat-
ing resistance against rotational forces.?*
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After rotation a number of ieeth were
maintained in position by means of a re-
tentive appliance. According to Reitan no
rearrangement of fibrous structures had
taken place in the marginal region of the
periodontium after retention periods of
four weeks. Some of the gingival fiber bun-
dles remained displaced and stretched
even after a retention period of 33 weeks.
The fiber groups of the periodontal liga-
ment, however, underwent readjustment
at a very rapid rate. They were shown to
exhibit their normal pattern of organiza-
tion within a period of four weeks. These
observations strongly suggest that where
soft connective tissues serve as an attach-
ment, no rapid rearrangement of displaced
fibers occurs.

Analyzing various factors that are possi-
bly responsible for differences in adapt-
ability of the collagen component between
the gingiva and the periodontal ligament,
several questions emerge. Can differences
in the rate of collagen turnover explain the
remarkable difference in overall behaviour
between gingiva and periodontal liga-
ment? Or are there specific sites within the
periodontal ligament that have a relatively
high remodelling capacity, thereby enab-
ling rapid rearrangement of the col-
lagenous framework ? Could it be that rear-
rangement of periodontal collagen fibers is
influenced by remodelling processes of
alveolar bone to which the fibers are at-
tached?

It should be stated at the outset that little
is known about the factors that control
rearrangement of collagen fibers in the
periodontal tissues in response to both ex-
perimentally induced and physiological
tooth movements. However, a number of
studies on collagen metabolism have re-
cently been described in the literature
which deal mainly with physiological proc-
esses in the periodontium and may relate
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to the questions mentioned above. For the
sake of brevity and clearness the present
paper is mainly limited to a discussion of
these studies. It was not intended to pro-
vide a comprehensive review of the litera-
ture dealing with changes in the perio-
dontium in response to orthodontic tooth
movement.

COLLAGEN TURNOVER IN
THE PERIODONTIUM

The collagenous framework of the perio-
dontium constitutes a major component of
this connective tissue. It occupies almost
sixty percent of the volume of the perio-
dontal ligament and the gingiva. Using
radioactively labeled amino acids, many
authors have attempted to determine the
rate at which the collagen fibers in these
tissues are synthesized and degraded. The
majority of the studies reported on this
subject have been based on the use of
radioautography. By using this histological
method it appears that, shortly after injec-
tion of a radioactive protein precursor such
as tritiated proline, the label is predomi-
nantly located in the connective tissue
cells, whereas a few hours later most of it
is found in the extracellular space.’s
Thereafier, the labeling intensity decreases
gradually as a result of breakdown proc-
esses. From various radioautographic
studies it appears that turnover of ‘H-
proline-containing proteins in the perio-
dontal ligament, a substantial part of
which is collagen, occurs at a rapid rate.
Half-lives from 2 - 12 days have been re-
ported by a number of authors in various
animal species. 7232021 However, a prob-
lem in radiocautographic studies of collagen
metabolism in periodontal tissues is the
lack of sufficient specificity for collagen of
the labeled amino acid used.’** Although
it is possible to localize radioactive proteins
in radioautographs, it is not possible 1o
determine their chemical nature. There-
fore, one should be cautious with the inter-
pretation of data obtained from the radio-
autographic studies referred to in the fore-

going.
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Few authors have studied turnover of
collagen in the periodontal ligament by
using biochemical methods. Guis" and
Slootweg,*? in studies of the guinea pig in-
cisor, found that the half-life of collagen in
the ligament is about 12 days which is con-
siderably less than the half-life of collagen
in the skin of the same animal (43 days).
That collagen in the periodontal ligament
may have a very high turnover rate has
also been demonstrated by Sodek* in a
biochemical study of rat molars.

Several authors have attempted to com-
pare the rate of collagen turnover in the
connective tissue of the gingiva with that
in the periodontal ligament. Skougaard and
co-workers,?! in a radioautographic in-
vestigation of marmosets, found that in-
corporation of *H-proline in gingival con-
nective tissue was only half of that in the
periodontal ligament. A similar observa-
tion has been reported by Kameyama'® for
the rat molar. This could, at first glance,
suggest a fower metabolic activity in the
gingiva than in the periodontal ligament.
However, Skougaard and colleagues noted
that the rate at which the injected amino
acid disappeared from the tissues was
about the same in gingiva and periodontal
ligament. Thus, it is conceivable that the
higher incorporation of *H-proline in the
ligament was related to a higher concentra-
tion of proline-containing proteins in this
tissue. Also Engstrom and Minkoff'? con-
cluded from a radioautographic study of
mouse molar periodontium that a rapid
turnover of proline-containing proteins oc-
curs in both the periodontal ligament and
the supracrestal region. Sodek.,” in a
biochemical study of rat molars, found
that the rate of collagen turnover in at-
tached gingiva, though much higher than
in skin corium, was substantially lower
than in periodontal ligament. However,
since in the latter investigation no distinc-
tion was made between the attached
gingiva and the gingiva in the marginal
region, it is still not clearly understood
how turnover of collagen in the supracrest-
al region relates 1o that in the periodontal
ligament.
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When all these studies are considered
together, it appears that the turnover rate
of collagen in both periodontal ligament
and gingiva is relatively high as compared
with other connective tissues, such as skin
corium. In the periodontal ligament the
rate of collagen turnover is possibly some-
what higher than in the supra-alveolar re-
gion. It is questionable, however, whether
this difference is the only factor that may
explain why the periodontal ligament
seems much more capable of remodelling
than the gingiva in the supra-alveolar
region.

Several authors have attempted to
study, radioautographically, metabolic ac-
tivity in the periodontal ligament in
response to experimental tooth move-
ment. Crumley® has observed that incor-
poration of *H-proline on the tension side
of the ligament of orthodontically moved
rat molars was only slightly increased as
compared with the control teeth. Baum-
rind and Buck? noticed an initial decline in
the uptake of radioactively labeled amino
acid both on the tension and pressure sides
of the ligament in the rat molar. Such an
initial decline was not observed by Diaz,?
also in a study of rat molars. Since no
biochemical studies of collagen metabol-
ism have been described in the literature,
we may conclude that it is still not cntircly
clear whether and to what extent ortho-
dontic tooth movement influences col-
lagen metabolism in the periodontal
tissues.

SITE OF COLLAGEN TURNOVER

Although collagen turnover in periodon-
tal soft connective tissues apparently oc-
curs at a rapid rate, the question remains
whether it occurs throughout the entire
soft connective tissue compartment or in
specific sites with a relatively fast turnover
enabling certain areas of the periodontium
to undergo rapid rearrangement. It has
been suggested that, in the periodontal
ligament, the site of collagen rearrange-
ment is located in a so-called intermediate
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plexus.2”¥ Within this plexus, collagen
fiber bundles anchored in the cementum
and collagen bundles anchored in the
alveolar bone are thought to split, together
forming a meshwork of delicate fibers
which continuously become rearranged,
thereby allowing the tooth to change its
position. Although there is some evidence
in support of the view that an intermediate
plexus exists in the periodontal ligament
of continuously erupting teeth,’ it is
unlikely that a similar structure is present
in the ligament of teeth of limited erup-
tion. Several authors have argued that in
teeth of limited eruption the periodontal
ligament exhibits two compartments, one
related to the tooth and the other to the
alveolar bone. In the bone half of the liga-
ment a higher uptake of *H-proline has
been observed than in the tooth half.!8.%33
However, it is not clear from these studies
whether this incorporation was related to
protein synthesis in the periodontal liga-
ment or to synthesis of bone matrix. From
a quantitative radioautographic study of
the mouse molar®* it appeared that, under
normal functional demands, the rates of
protein synthesis as revealed by incorpora-
tion of *H-proline, were similar among the
bone and tooth halves of the periodontal
ligament. In the latter study, care was

1
taken Uy the authors to determine Qn!\l the

fibroblastic contribution to matrix forma-
tion in the periodontal ligament.

Some authors have attempted to deter-
mine the site of collagen turnover in a
somewhat different way, namely, by ob-
taining information on the breakdown of
collagen rather than on its synthesis.
Morphologic and histochemical studies
have indicated that one pathway of col-
lagen resorption may be via phagocytosis
of collagen fibrils by connective tissue
cells.20:22:36.39  Beertsen and co-workers?
found that in the rodent molar fibroblasts
with intracellular collagen fibrils occur
more or less uniformly across the width of
the periodontal ligament. No major
differences were observed among the ce-
mental, middle and alveolar zones. This
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would seem 1o indicate that resorption of
collagen in the ligament is evenly dis-
tributed across the width of this tissue
which is consistent with the observation of
Stahl and Tonna’ that, in the mouse
molar, incorporation of radioactively
labeled proline is similar between the bone
and tooth halves of the ligament.

On the basis of these findings it may be
concluded that, under physiological condi-
tions, resorption and probably also syn-
thesis of collagen occur evenly throughout
the periodontal ligament of teeth of
limited eruption.

With regard to the supra-alveolar struc-
tures, it may be of interest to mention that
Ten Cate et al.’7 noted the presence of a
significant number of fibroblasts contain-
ing phagocytosed collagen fibrils in the
lower part of the transseptal fiber system
of mouse molars. However, as far as [ am
aware, no studies have been described in
the literature providing quantitative data
with respect to collagen metabolism at
various sites in the supra-alveolar region.

REMODELLING OF SOFT CONNECTIVE
TiSSUE FIBERS AND ALVEOLAR BONE

As mentioned before, Reitan?* noted
that the collagen fibers in the periodontal
ligament, but not in the gingiva, undergo
rapid reorientation after orthodontic rota-
tion. Tentatively, it may be suggested that
the observed difference in behaviour is re-
lated to the circumstance that in the
gingiva the majority of the collagen fibers
are probably not attached to bone whereas
in the periodontal ligament they insert in
the bone of the tooth socket.?

Many authors have described changes in
the supporting periodontal tissues in
response to orthodontic tooth movement.
It has been reported that in areas of com-
pression a process of hyalinization occurs
in the periodontal ligament.6-17+18:25,28 The
hyalinized tissue is resorbed by activity of
the cells and subsequently replaced by
granulation tissue. It is thought that the
tissue will then be restructured according
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to the functional demands made upon the
teeth in their newly occupied positions.
On the basis of data reported in the
literature it seems that mechanisms of
readjustment of periodontal ligament may
exist which are based on a combined ac-
tion of fibroblasts in the ligament and bone
cells along the wall of the alveolar bone.
Several authors have described morpho-
logic changes in the periodontal ligament
of animals held under experimental condi-
tions, changes that could possibly be relat-
ed to altered metabolic processes along the
alveolar bone. Melcher and Correia'” have
shown that, during reactivated eruption of
rat molars, remodelling in the ligament
may particularly involve the bone half of
the tissue. To check for eruption, these
authors made a wound penetrating the
alveolar process and the periodontal liga-
ment. It is conceivable that both wounding
and eruption could have influenced
metabolic activity in the periodontal
tissues, particularly along the surface of
the alveolar crypt. The observation of
Melcher and Correia, in a way, agrees with
observations reported earlier by Gold-
man'* and by Waerhaug.?* The latter
author observed that in monkeys main-
tained on a vitamin C-deficient diet,
destruction of periodontal ligament fibers
occurred. This destruction was particularly
evident in the bone half of the ligament.
Similar changes have been described by
Goldman in the periodontal ligament of
rat molars and in the ligament of teeth of
monkeys maintained on a protein-defi-
cient diet. Both Goldman and Waerhaug
also observed signs of an increased resorp-
tion of bone along the wall of the tooth
socket. That resorption of collagen fibers
in the periodontal ligament may be related
to breakdown processes along the alveolar
bone is further suggested by recent
electron microscopic studies. Garant,”*in a
study of collagen phagocytosis by fib-
roblasts in the periodontal ligament of the
rat molar, noted that fibroblasts in the vi-
cinity of osteoclasis contain increased
numbers of intracellular collagen fibrils. A
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similar observation has been reported by
Beertsen and co-workers* who quanti-
tatively studied the distribution pattern of
collagen phagocytosis by fibroblasts, also
in the ligament of the rat molar. This find-
ing may suggest that a relationship exists
between the resorptive activity of
fibroblasts in the periodontal ligament and
that of osteoclasts along the alveolar bone.
In addition to this possible relationship,
radioautographic studies would seem to
suggest that a relationship may also exist
between bone matrix formation along the
alveolar wall and synthetic activity of
fibroblasts in the periodontal ligament.
Crumley?® in an experimental investigation
of tooth movement in the rat observed, on
the tension side of maxillary molars, a
relatively high uptake of *H-proline in the
periodontal ligament adjacent to the bone.
Three days after administration of the
label he noted this area still contained the
greatest amount of radioactivity while, at
the same time, intense labeling was found
over the adjoining bone matrix. Similar ob-
servations have been reported by Diaz.’
Coordination between the remodelling
of alveolar bone and the collagen fibers at-
tached to it could be of considerable sig-
nificance for the periodontal ligament to
readjust itself at a rapid rate without the
need for a compiete reorganization of coi-
lagen fibers throughout the entire tissue.
Collagen fibrils, detached from the bone in
the course of resorptive activity of both
osteoclasts and fibroblasts, may subse-
quently be reattached to bone and pre-ex-
isting periodontal collagen fibers by local
synthetic activity of fibroblasts and
osteoblasts. It is conceivable that such a
local mechanism might contribute to a
rapid adaptation of the periodontal liga-
ment fibers to changes in the position of
the tooth during physiologic and possibly
also during certain.types of orthodontic
tooth movement. Since in the supra-alveo-
lar region most of the soft connective
tissue fibers are not attached to bone, rapid
readjustment of collagen fibers in this
region may not be accomplished via the
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mechanism outlined above for the perio-
dontal ligament.

CONCLUSIONS

Although the rate of turnover of col-
lagen in the periodontal ligament may be
somewhat higher than in the gingiva, it is
doubtful whether this is the only factor
that may explain why rearrangement of
collagen fibers in the ligament occurs
much more rapidly than in the supra-
alveolar region under certain experimental
conditions. It may well be that there are
other factors that determine the ability of
the periodontal tissues to rearrange them-
selves. On the basis of the distribution pat-
tern of collagen phagocytosis by fibro-
blasts and the pattern of incorporation of
*H-proline it seems that turnover of col-
lagen, at least in the periodontal ligament,
is evenly distributed across the width of
the tissue. However, local variations in the
presence of cells containing intracellular
collagen fibrils may occur, as indicated by
the observation that a relatively high con-
centration of ingested collagen fibrils is
seen in fibroblasts in the direct vicinity of
osteoclasts. It is suggested that coordinated
action of fibroblasts and osteoclasts near
the alveolar bone surface may represent
part of a local mechanism through which
rapid remodelling of certain areas in the
periodontal ligament may be accom-
plished.
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