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The tissue reaction as related to the functional factor
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The tissue reaction following orthodontic tooth movement
and its relation to functional infftiences has been a problem
frequently discussed during the last 15 years. Earlier studies
on tissue changes, those made by Sandstedt (1905),
Oppenheim (1911). Schwarz (1932), Stuteville (1938),
Guhler (1941) and others, did not include the functional
factor to any great extent. As we know, it was Häupl (1938),
Häupl and Psansky (1938) and Eschler ( 1939), who called
attention to this factor as possibly being of importance in
functional orthopaedics, treatment performed with Andresen
plates, the so-cailed activators.

In a study, just recently published (Reitan. 1951), I have
made an attempt to investigate the functional factor as re-
lated to treatment with fixed appliances as well as plaies.
One should assume that this is a problem of academic interest
only, but it certainly also has its practical side. The problem
touches upon fundamental principles of construction and
application of orthodontic appliances as a whole. To-day
I should like to draw some conclusions from my findings.

It is well known that a tooth moved by continuous forces
will usually be slightly tipped, particularly in its initial
movetnent. Bone résorption will occur at the pressure side,
while there will be bone apposition at the tension side. A
secondary pressure and tension side may be found in the
apical region as well (Fig. ! ).

Some of my experiments were performed with continuous
forces in dogs. The active force was provided by springs
coiled around high labial arches of the type described by
Friel and McKeag ( 1939). The arches were anchored to the
canines and the upper and low er second incisors in each dog
were moved labially by forces treasuring from 15 to 60
grams and with a dtiration varying from 12 to 48 hours.

The animals used for experiments were divided in two
groups. One group of dogs were allowed free movement
and normal function of the teeth. Another group of young
dogs of the satne age were treated orihodontically with the
same type of appliances. But the jaws in these animals
were immobilized by means of a wooden block or screen
inserted behind the canines. This screen extended up to the
roof of the palate and down to the floor of the lower jaw,
thus preventing the tongue from coming in contact with
the anterior teeth. The jaws were tied to this hlock and
thus securely fixed. The lips were also held away from
the teeth. In addition, the animals were kept sleeping as
long as the experiments lasted by injections of various
kinds or drugs. Hence, the material included two groups of

dogs, similarly treated, but of these one group had non-
functioning teeth.

The histological sections were cut horizontally, including
structures of the first and third incisors, these teeth serving
as controls (Fig. 2). In sections taken from the marginal
region, an evaluation could be made of how and when the
earliest tissue changes were perceptible. By comparing the
two groups of material, one could also observe to what
extent these changes were influenced by external ftinctional
stimuli such as mastication and movement of lips and
tongue.

It was found that the incidence of resorptive changes at
the pressure side corresponded fairly well with the incidence
of formative changes observed at the tension side. The
tissue reaction at the tension side is of special interest. An
examination of these structures reveals the formative
changes as observed in the earliest stage of tooth
movement.

An initial bone formation in the snpporting structures of
teeth is usually characterized by cell proliferation and
formation of osteoid tissue. At the tension side the
proliferation of cells is readily recognized in histological
sections. Figure 3 represents the control side taken from the
first incisor in one of the animals with jaws out of function.
The cells are fibrocytes with rather small nuclei. There is a
thin layer of preformed uncalcified osteoid along the bone
surface. The tension side of the tooth moved is seen in
Figure 4. It reveals an increase in cellular elements, and at
the same time widening or apposition of osteoid tissue.
Widened fibre bundles are confluent with the newly formed
osteoid. The osteoid layer will calcify later on and then
appears as bundle bone with Sharpey's fibres incorporated
in its matrix.

The cells seen in this area have large nuclei (Fig. 5). They
are young hypertrophied fibroblasts produced by the tension
exerted on the fibres. Fibrils from their cytoplasm are
connected to widened fibre bundles. In this initial stage, the
cells multiply by mitotic cell division as seen in Figure 5.

It has been claimed that ftinctional stimuli are of great
importance for formation of new cells and osteoid tissue.
This may be true, nevertheless, my own findings indicate
that tension alone may precipitate such production,
especially in young individuals. Hence, foniiative changes
occur more or less independently of a functional factor. The
incidence of increased cell proliferation is seen in Table 1.
Sixteen teeth moved in animals with non-fiinctioning teeth
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Figure 1 Pressure area, P. and tension area. T, created in the marginal
region. M. Secondary pressure area, P", and tension area. T', in the apical
region.

Figure 2 Drawing of a seclion including the third, .second and first upper
right incisors. T, tension side and P. pressure side ofthe tooth moved. C,
lingual control area ofthe first incisor.

revealed cell proliferation mostly after a period of 36 hours.
Almost simitar findings were made in animais whose teeth
were in normal function. As to the formation of osteoid
tissue, tbe incidence of sueh production was almost the
same (Table 2). New osteoid tissue had been produced after
periods of 36 and 48 hours in both groups. One may
therefore state that the time factor is of greater importance
than the amount of force applied.

In experiments of up to 2 weeks duration, structures at
the tension side of non-function ing teeth revealed that the
formative changes continued. There was production of
osteoid spicules. The ceils were typical osteoblasts arranged
in chains along the newly formed tissne.

In experiments with non-functioning teeth, advanced
bone résorption was obtained after two weeks duration.
Osteoclasts were seen in lacunae along the bone surface.
These findings tend to show that continuous pressure or
tensitjn exerted on teeth in young animais may lead to
extensive changes in the form of bone résorption and
apposition, even if the jaw mechanism is out of function. It
is also shown that this reaction nsttally requires a period of
more than 24 hours before the changes become manifest.
Generally speaking, the periodontal tissues in young
individuals react after an experimental duration of 48 hours
provided continuous forces are used. Such findings may be
observed in htiman material as well.

Figure 3 Control area of the first incisor, area corresponding to C in
Figure 2. TTie tooth is shown in the upper part of the picture. The cells seen
in the periodontal space are fibroejtes with rather small nuclei. At the bone
surfaee a thin preformed osteoid line hordering a layer of bundle bone.

Figure 4 Tension side of the tooth moved, area indicated T in Figure 2.
Large newly tbrmed eonnective tissue cells are seen adjacent to the bone
surface, which is bordered by a newly formed layer of osteoid tissue. The
tooth was moved for 36 hours with a force of45 grams in a dog whose jaws
were out of ftmction. (A.) Area shown in Fig, 5

The experiments on human material were performed in
12 year old patients. The control tooth in each experiment
was taken from the opposite side of the jaw. First or second
premolars ofthe upper jaw were used for these experiments.
The tension side of an experimental tooth, moved with a
force of 70 grams for 48 honrs is seen in Figure 6. A definite
increase in cellnlar elements is found in this region, with a
corresponding widening ofthe osteoid layer along the bone
surface. Mitotic ceil division was observed in the marginal
region.
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Figure S Newly formed cells, area marked. A, in Figure 4. These cells,
wilh large hypertrophied nuclei, were formed as a result of the tension
exerted on the fibres. A mitotic tigure is shown slightly below the centre.

Table I A comparison ofthe incidence of cell production during
the initial stage of tooth movement. It appears that no great difference
exists between flinctioning and non-functioning structures.

lticrease in the cell number at the tension side (Upper jaw)

Non-functioning teeth Functioning teeth

15g 30g I5g 30g 45g

12 hours
24 hours
3fi hours

Table 2 The incidence of newly formed osteoid is almost similar
in functioning and non-tiinctioning structures

Apposition of osteoid tissue i

Non-function ing teeth

I5g 30g

at the tension side (Uppe

Functio

45g 60g I5g

rjaw)

ning teeth

30g 45g 60g

12 hours
24 hotirs
36 hours
48 hours

In other experiments, Andresen plates (also named
activators) were used. With regard to the functional factor,
it is of interest to decide whether variations in the tissue
reaction exist where loose plates are used, compared with
attached plates. The aftached plates were provided with
arrow attachments. The same number of loose and attached
plates was applied, similarly expanded and used for similar

Figure 6 Tension side of an upper first premolar moved with a continuous
force of 70 grams for 48 hours. The tooth was cut longitudinally. Increase
in cellular elements along the bone stirface which is bordered by a layer of
newly formed osteoid. Mitotic cell division similar to that shown in Figure
5, was found in areas adjacent to the bone surface. The root surface shown
uppermost is bordered by a darkly stained eementum layer.

periods of time. The control tooth in each experiment was
taken from the opposite side. The plates were ground, thus
relieving the control teeth from contact with the palates.

The findings observed at the tension side incident
to treatment with non-expanded activators are listed in
Table 3. There is no increase in the cell number because
little or no tension was exerted on the periodontal fibres.
Concerning apposition of osteoid tissue, uncertain findings
were seen in three instances. It is of interest to compare
such findings with those obtained following treatments
with fixed appliances. Table 4 indicates the findings made
at the tension side in three experiments. Increase in the
cell number was observed in two experiments, Tbe finding
in one instance was uncertain, but increase in osteoid
tissue was found in all these experiments which included
periods of 2. 3 and 4 days.

The changes taking place at the pressure side in experiments
with non-expanded plates, are rather insignificant. With
fixed appliances they were marked even after a short period
of time. Bone résorption occurred after periods of 2, 3 and
4 days. There was no increase in the cell number. With
gradually expanded activators, whether attached or not,
five experiments revealed active bone résorption (Table 5).

These activators were all expanded. Concerning non-
expanded activators, it is interesting to note tbat if a plate is
non-expanded and really passive, neither résorption nor
apposition will occur. It has been claimed that teeth may be
moved even if the plate is passive. There is no stLch passive
tooth movement from a histologieal point of view. In order
to move a tooth, a sort of pressure or tension is always
required. As seen from the present table, little or no
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Table 3 The findings observed at the lension side incidEnt lo
applicaimD oi non-expanded activaiors. Tliere was no increase tn
the cell number. Uncertain findings were observed after 3 nights

Non-expanded activators

12 year old patients

Type of
plate

Tooth
tnoved

Duratio
esperiir

nof
lent

Reaction Tensi

Cell
nutnber

on Side

Osteoid
tissue

Loose
Attached
Loose
Attached
Loose
Attached

4 +
+4
+4
5+
+4

2 nights
2 nights
3 nights
3 nights
4 nights
4 nights

Table 4 [t is uncertain whether there was any increase in the cell
number in Ihe experiment of 3 days duration.

Cotitinuous foree 70 g.

12 year old patients

Reaction Tensioti Side

Tt>oth moved Duration of experiment Cell number Osteoid tissue

+4 2 days -̂  +
+4 3 days 7 +
+4 4 days + +

difference in tbe tissue reaction is observed with regard to
loose plates compared with attached plates. It is, however,
interesting to note that tbere is an increased formation of
cells in three cases.

This phenomenon occurred with attached plates in two
instances. The ñtidings are therefore not associated with
the fact that tbe plates were loose and possibly subject to a
greater movement tban attached plates. On the other hand,
it is as interesting to observe tbal incident to a pressure
exerted by fixed appliances, sucb increase in the cell
number is never found at tbe pressure side. In this connection
I do not consider formation of osteoclasts as an increase in
the eel! number. In experiments in human material with
fixed appliances, a beginning osteociastic résorption was
observed afier 2 days, but no general increase in tbe cell
ntiniber. On the contrary, the structures at tbe pressure side
frequently revealed a slight decrease in cellular elements. It
should be pointed out tbat a similar decrease may also be
observed incident to a treatment with plates.

Figure 7 is taken fiom tbe pressure side of a tootb moved
with continuous forces for 2 weeks in non-functioning
structures. It is an animal experiment. Advanced resorptive
cbanges are observed in this area, but no increase in the cell
number, except for the osteoclasts.
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Table S While increase in the cell number at the pressure side is
very seldom observed incident to treatment with fixed appliances,
production of connective tissue cells may be obtained in
experiments with plates especially after some duration. Here it
occurred in three experiments.

Gradually expanded activators

I2year old patients

Reaction Presstire Side

Type of
plate

Loose
Attached
Loose
Atuched
Loose
Attached
Loose
Attached

Tooth
moved

4+
+4
+4
+4
+4
+4
+4
+4

Duration of
experiment

5 nights
5 nights
6 nights
6 nights
S nights
S nights
J 4 nights
14 nights

Cell
nutnber

+

+
+

Resorption

+
+

+
-1-
+

Figure 8 represents the pressure side of a tooth moved
every night for 2 weeks wilh an attached activator. Only tbe
bone surface with surrounding tissues is seen in this area.
Decrease in tbe cell number was seen in some areas, but
note tbe abundance of young connective tissue cells and
osteoclasts in this zone. This occasional increase in the cell
number maybe attributed to nutritional factors. The nutrition
of the structures involved is periodically improved as the
plates are removed and not used during the day. furthermore,
the intermittent action ofthe plate while in silii may bave a
stimulating effect. Even attached plates are frequently
subject to a sort of movement while still held in place by the
arrow attachments.

If a plate is heavily expanded, the structures at tbe
pressure side may appear almost cell free due to tbe
strong pressure exerted. At the same time, tbere may be
cell proliferation and formation of osteoclasts in other
areas, even in the middle of the periodontai space. If
these teeth had been moved with fixed appliances, similar
cell free areas might have been created, but no cell
proliferation at the same time. Tbe intermittent action of
plates obviously improves the nutritional conditions at
the pressure side in some instances according to the
individual tissue reaction.

This formation of new cells at tbe pressure side is not
frequently seen in the initial stage of tooth movement, but
rather after the plate has been used for 2 weeks or more.
Tben cell proliferation frequently occurs after application
of both types of plates, loose and attached, but seldom or
never incident to treatment with continuous forces.

Considering tbe tension side. I have previously shown tbat
treatment w ith continuous forces, implied formation of new
cells and new osteoid tissue afier a short period of time. Tbis
is not observed where plates are used. Fonnative cbanges at
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Figure 7 Animal experiment. Pressure side of a tooth moved in a i
fiinetioning jaw for 2 weeks. There is no general increase in the
number Large osteoclasts are seen in lacunae along the bone surface.

the tension side are delayed incident to a treatment with p!ates.
This delay is caused by what may be termed 'the daily relapse'
of the tooth moved. The symbols listed in Table 6 indicate
findings made at the tension side in experiments performed
with expanded activators. Resorptive changes were found at
the tension side in a few instances in the initial stage.

This résorption is caused by daily relapse of the tooth
moved whereby the periodonta! tissues at the pressure side
arc compressed. A reactive movement takes place as soon
as the plate is removed. The relapse is due to a contraction
of stretched fibre bundles and also interocciusal contact

during the day. Only after the periodontal space is sufficiently
widened by résorption at tbe pressure side, apposition at the
tension side may regularly be found, as seen in experiments
of 8 and 14 night's duration.

Concerning the daily relapse, especially the ñ'ee gingival
fibres seem to be active during this secondary movement. Even
some ofthe clastic fibres situated labially may be responsible
for such reaction. This daily relapse must be considered a
normal biological reaction of the complicated fibre system
which constitutes the supporting structures ofthe teeth.

In experiments with heavily expanded activators, a
similar reactive tooth movement may occur. Bone résorption
was observed at the tension side in experiments of short
duration but after 8 and 14 nights treatment, increase in the
cell number and osteoid tissne was found.

According to these observations one may state that bone
formation at the tension side may be delayed to begin with,
due to the daily relapse of the tooth moved. Hence, more
osteoid tissue would have been produced also in the initial
stage provided plates were worn during the day as well.

As to the fiinctional action of activators and otber plates,
my findings indicate that there is little or no difference in
the tissue reaction with regard to tbe movement of individual
teetb. Other studies bave pointed out that activators may
cause considerable changes in thejaw structures as a whole,
including the muscles and the tem porom and ibu lar joint.

It has also been stated that this action is closely related to
the fact that the plate is loose and not attached to the upper
jaw. It is difflcuh to prove empirically whether there is a
special increased action when the activator is loose, and less
during application of attached activators.

However, provided this fiinctional action on the jaw
structures as a whole is obtained with activators, it must

Figure S Experiment of 14 nights duration performed with an attached, gradually expanding
activator. The bone crest is shown below bordered by inultlnucleated osteoclasts in their lacunae.
Note the abundance of young connective tissue cells. Mitotie cell division was observed in this cell-
rich area. Increase in the cell number at the pressure side is seldom observed incident to treatment
with ñxed appliances.
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Table 6 ,¡,¡5 , résorption at ihe tension side, p o n at ihe tension side
occurred in three instatices. The mcidencc of cell production and
lormation ot osteoid at the tension side increased with the duration
ot the expLrimcnt because tnore spate has heen created bv bcinc
résorption at the pressure side.

Gradually expanded activators

12 year old patients

Type of
plate

Loose
Attached
Loose
Attached
Loose
Attached
Loose
Attached

Tooth
moved

4+
+4

+4
+4
+4
+4
+4

Duration of
experiment

5 nights
5 nights
6 nights
6 nights
S nights
8 nights
14 nights
14 nights

Reaction Pressure Side

tiumber tissue

+ Resorption

+ +

* *

be considered a separate problem, requiring fijrther
investigation, and only to some extent related to the
movement of individual teeth.

The main points in this study may be summarized as
follows:

1. Bone résorption and apposition may occur incident to
orthodontic tooth movement, even if the structures
involved arc out of function.

2. There is no difference in the tissue reaction obtained
with activators and attached plates, as far as movement
of individual teeth is concemed.

3. Treatment with activators and other removable plates
implies a daily relapse of the tooth moved, to some extent
preventing formation of cells and osteoid tissue at the
tension side in the initial stage.

4. The functional action of an activator is primarily related
to the stimuli exerted on the temporomandibular joint,
the muscles and the jaw strucmres as a whole. This may
be regarded as a separate problem, only to some extenl
related to the movement of individual teeth.

Discussion

Dr Grude: Some of you know we use the activator of
Andresen and I am very gratcfijl for the experiments of Dr
Reitan to clear up the histological problems by using loose
activators and attached plates and the comparison between
these types. 1 should like to ask Dr Reitan how he decides
between an attached plate and a loose plate.

When I use the activator as a loose plate I find that the
important thing is what we call their 'working hite' — the
height of the working bite, ff I take a high working bite I get
a stretch of the muscles, the masticatory muscles, and then
I think that we have the same action of the plate as an
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attached plate. The plate is not loose when we are taking a
too high working bite. The patient has no possibility to relax
the muscles when the plate is in the mouth.

I take a working bite as low as possible so that the lower
jaw in rest position is not biting on the plate. Then the plate is
what I call loose. Then I only get an acfion of the plate when
(he patient is swallowing or biting on the plate and 1 wonder
how we can get results of this type by animal experiments.

Dr Anderson: Perhaps Dr Reitan could tell me how he
decides that changes are taking place in the
temporomandibular joint with activators. Did he do this by
X-ray examination and if so, did he observe changes on the
head of the condyle or in the fossa? 1 have done some work
recently on that and we find it extremely difficult to X-ray
those except by laminography. Would he please give me
some information on how he came to this conclusion.

Dr Björk: I will say a few words and congratulate Dr
Reitan on his excellent smdy. We most of us know the value
in treatment of Andresen s appliance but we have been
attached to a method of thmking which has nothing to do
with scientific thinking and I think Dr Reitan has brought
the discussion down to earth,

Dr Reitan: ît is very difficult to decide, histologically.
whether a plate has been loose or attached, judging from the
tissue reaction, and that was just the point I stressed.
Mechanically, a plate may be considered attached when
held in place by some sort of attachments. It cannot fall
down when the patient opens the mouth.

With regard to the action of the activator on the muscles
and the jaw structures as a whole, it seems to me that this
Will be a problem for further investigation.

A comparison of the tissue reaction in animals and
that obtained in human structures reveals that, above all, the
age factor is of importance. Hence, when comparing animal
and human material, one has to be carefiil in selecting
tissues that correspond as far as the age factor is concemed,
but that is also a problem for fiitther investigation.

Considering the changes obtained in the temporoman-
dibular joint incident to treatment with activators, my own
X-rays indicate that there is possibly a slight dispiacement
of the condyle in some cases. On the other hand, investigators
hke Häupl and Psansky (1938) contend that there ate bone
résorption and apposition at the tuberculum as well as at the
head of the condyle. My own observations are not hased on
a very extensive material and 1 think we ought to ask Dr
Bjork about this particular side of the problem. I should also
hke to thank him for what he said in his discussion.
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