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The activity of alkaline phosphatase and the incorporation of tetracycline as signs of bone
formation were studied after orthodontic tooth movement for 10 h to 6 days in rats. Defined
low or high forces were used. A moderate activity of non-specific alkaline phosphatase was
found in the periodontal membrane (PDM) in untreated rats and in rats treated with low
forces. In addition, all bone surfaces were outlined with a narrow band of intense non-specific
alkaline phosphatase activity that was vanadate- and levamisole-resistant. Likewise, tetra-
cycline was incorporated on all bone surfaces. The bone formation rate was low and uniform
within the alveolus, indicating that no intra-alveolar drift of the molar occurred in the
untreated rats. Orthodontic forces gradually inhibited vanadate- and levamisole-resistant
alkaline phosphatases and tetracycline incorporation on the bone surfaces in the pressure
zones of the PDM, depending on the magnitude of the force. It was suggested that the
disappearance of these isoenzymes, in a limited area, as seen in the pressure zones, was
associated with inhibited bone formation and subsequent initiation of bone resorption. On
the tension side a slight reduction and redistribution of vanadate- and levamisole-resistant
alkaline phosphatase activity could be noted irrespective of the magnitude of the applied
force. O1 Bone formation; enzyme histochemistry; enzyme inhibitors
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Orthodontic tooth movement induces bone
apposition and bone resorption of the alveo-
lar bone. Valuable information concerning
the location and rate of bone formation has
been obtained by in vivo labeling with bone
tracers (10, 15, 16, 18, 24, 33). Such studies
have shown that during the first days of
orthodontic tooth movement bone forma-
tion is inhibited in the compressed areas of
the periodontal membrane (PDM), whereas
formation of new bone is stimulated in arcas
of tension (15,39). However, the mechan-
isms by which mechanical forces influence
the activity of bone formation cells are
incompletely known.

Enzymes that are able to hydrolyze phos-
phate groups at an alkaline pH have been
associated with the formation of mineralized
tissues. The original idea of their action was
that they hydrolyze phosphate groups at the
site of mineralization (29). Several other
mechanisms have been suggested. Recently,

it was proposed that they act by removing
inorganic pyrophosphate, which is an inhib-
itor of mineralization (8, 9). Alkaline phos-
phatases are not restricted to bone but are
widely distributed throughout the body (1, 3)
and have been associated with transport
functions in, for example, the small intestine
(14, 30).

The commonly used histochemical meth-
ods for demonstrating alkaline phosphatase
activity are the azo-coupling method (27)
and the method based on the precipitation
of the liberated phosphate group (11). A
wide range of enzymes, such as ATPases
(EC3.6.1.3), AMPase (EC3.1.3.5), alka-
line orthophosphoric monoesterase phos-
phohydrolase (EC3.1.3.1), pyrophospha-
tase (no EC number assigned), and ADPase
(EC3.6.1.6), are capable of hydrolysing the
substrates used in these methods. In this
article this type of enzyme activity will be
referred to as non-specific alkaline phospha-
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tase activity. By means of various inhibitors
several tissue-specific isoenzymes of alkaline
phosphatase have been distinguished. A
vanadate-resistant isoenzyme has been dem-
onstrated in developing teeth and on bone
surfaces (13). Levamisole is another potent
inhibitor of alkaline phosphatase activity (1).
Recent studies have shown that levamisole
and related substances inhibit alkaline phos-
phatase activity on bone surfaces, whereas
ATPases are levamisole-resistant (1). This
is of interest, since Ca** ATPase has been
shown to participate in calcium transport
during enamel and dentin mineralization (5,
12).

Changes in activity of non-specific alkaline
phosphatase in the PDM during experi-
mental tooth movement have been studied
in rats by inserting rubber dams between the
maxillary first and second molars (35).
Enzyme activity increased in areas of tension
and decreased in arcas of pressure in the
PDM. There seem to be no studies of ortho-
dontically induced changes of various isoen-
zymes of alkaline phosphatase in the alveolar
bone.

The purpose of the present investigation
was to study the activity and distribution of
non-specific alkaline phosphatase and the
effect of histochemical incubation with van-
adate and levamisole after initial orthodontic
tooth movement with low and high forces in
rats and to study changes in bone formation
in the alveolar bone as seen by incorporation
by tetracycline.

Materials and methods

General procedure. The maxillary right
first molars in 40 Sprague-Dawley rats were
moved buccally by means of a fixed appliance
with either low or high orthodontic forces
for periods of from 10 h to 6 days. The ortho-
dontically treated rats were divided into two
groups. The first group was used for enzyme
histochemical evaluation of non-specific
alkaline phosphatase-, vanadate-, and
levamisole-resistant alkaline phosphatase.
The second group was labeled with tetra-
cycline and the areas corresponding to those
used for enzyme histochemical evaluation
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were step-serial sectioned and photographed
in incident ultraviolet light to visualize tetra-
cycline deposits. In addition, four untreated
rats were given two injections of tetracycline
to label bone sequentially and to measure
the rate of bone formation in various loca-
tions of the alveolar bone.

Orthodontic procedure. Forty young adult
female Sprague-Dawley rats weighing
280 + 40 g each were treated orthodontically
with low or high forces. The maxillary right
first molar in each rat was moved in a buccal
direction by means of a fixed appliance with
predetermined forces as described pre-
viously (22). The magnitudes of the ortho-
dontic forces were selected on the basis of
previous studies, in which forces above
200 mN produced bleeding (22) and non-
vital areas (23) in the pressure zones. They
were designated high forces in this study.
Forces ranging between 50 and 100 mN
caused neither bleeding nor loss of vitality
in the pressure zones and were designated
low forces. Twenty rats were treated with
high forces and 20 rats with low forces for
10h or 1, 3, 4, or 6 days (Table 1). At the
end of the experimental periods the clinical
appearance of the gingiva of the upper jaws
was examined through a dissecting micro-
scope. The rats were killed by ether inhal-
ation, and the orthodontic forces were meas-
ured as described previously (22). The upper
jaw from each rat was dissected free and
embedded in a 4% aqueous solution of car-
boxymethyl cellulose and frozen in hexane
cooled with solid CO,. To obtain sections or
photographs in the same plane from all speci-
mens, the jaws were reproducibly fixed dur-
ing the embedding (22). The number of
orthodontically - treated rats was divided
equally between evaluation with enzyme his-
tochemistry and tetracycline labeling.

Histochemical procedure. Twenty ortho-
dontically treated and two untreated rats
were used for histochemical demonstration
of non-specific alkaline phosphatase activity
and of vanadate- and levamisole-resistant
alkaline phosphatase activity. The frozen
blocks were freeze-sectioned, and sections
(10 um) from the areas that were photo-
graphed in incident ultraviolet light were
taken up on adhesive tape (No. 190, Min-
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Table 1. Non-specific alkaline phosphatase activity (NAPase) in the connective tissue in
the pressure zones of the periodontal membrane after orthodontic treatment with low
(50-100 mN) or high (200-400 mN) forces. Vanadate-resistant alkaline phosphatase activity
(VAPase) and levamisole-resistant alkaline phosphatase activity (LAPase) outlining the
bone surfaces in the pressure zones and intensity of tetracycline fluorescence (TF) on the
bone surfaces in the pressure zones of orthodontically treated rats

No. of Treatment
rats time Force NAPase VAPase LAPase TF

6 0 ++ +++ ++4+ +++
4 10 h Low ++ +++ +++ ++
4 10h High ++ ++ ++ +

4 1 day Low ++ ++ ++ +

4 1 day High 0 0 0 0

4 3 days Low ++ 0 0 0

4 3 days High 0 0 0 0

4 4 days Low ++ 0 0 0

4 4 days High 0 0 0 0

4 6 days Low ++ 0 0 0

4 6 days High 0 0 0 0

+++ = Intense; ++ = moderate; + = weak; and 0 = none.

nesota Mining & Manufacturing Co., USA)
(37, 38). Sections were incubated for non-
specific alkaline phosphatase (EC 3.1.3.1) by
the simultaneous azo-coupling method (2)
with 0.1 mM naphthol-AS-MX-phosphate
(Sigma N-5000) as substrate and 0.2 mM Fast
Blue RR (Sigma F-0500) as coupling agent.
Incubation was carried out at pH&8.2 for
30 min. Neighboring sections were prein-
cubated with 5 mM sodium meta-vanadate
(Kebo 1.3490, Sweden) in distilled water for
Smin, or 2mM levamisole (Sigma L-9756)
was added to their incubation medium. After
incubation the sections were rinsed in dis-
tilled water in vacuo and mounted in gly-
cerol. All concentrations indicate final con-
centrations in the incubation media. Sections
incubated in an incubation medium without
substrate showed no staining. The Sigma
chemicals were purchased from Sigma
Chemical Co., St. Louis, Mo., USA.
Tetracycline labeling. Twenty orthodont-
ically treated rats received an intraperitoneal
injection of tetracycline HCI (Sigma T-3383)
dissolved in distilled water, using doses of
25 mg/kg body weight/24 h, before they were
killed. The rats treated orthodontically for
10 h were injected with tetracycline immedi-
ately after the orthodontic appliances were
cemented. To evaluate changes in tetracyc-

line incorporation during the treatment
periods the growth pattern of the alveolar
bone was studied in untreated rats by
sequential labeling with tetracycline. Four
untreated rats received two tetracycline
injections with a 20-day interval and were
killed 24 h after the last injection. After
being embedded, the upper jaws were
step-serial sectioned in a frontal aspect, and
macrophotographs were taken of the frozen
surface in the area that was evaluated with
enzyme histochemistry. The camera used
was an Olympus OM?2 with an Auto Bellow
and a Zuiko Macro Objective 20 mm F 3.5
(Olympus Optical Co., Tokyo, Japan), as
described previously (22). The photographs
were taken on Ektachrome 400 film. To
visualize the tetracycline deposits on the
bone surfaces, incident ultraviolet light was
used. The UV-light source (Penray, 22 3C-
38, Ultra-Violet Products, Inc., San Gabriel,
USA) was attached to the objective on the
camera. An excitation filter (KP 390, Ernst
Leitz, Wetzlar, FRG) and a suppression fil-
ter (K430 or BG38) were used to improve
contrast in the photographs. The first level
to be photographed showed the entire mesial
root of the first molar from the apex to the
enamel-cementum border (22). Photo-
graphs were taken at 10 levels 50 um apart
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in a distal direction (total distance, 500 um).
At the beginning and the end of each film
a microscale with 0.1 mm division was pho-
tographed; this scale was later used as ref-
erence when bone formation rate was deter-
mined. The rate of bone formation was
measured at the alveolar crests, on the per-
iostal alveolar bone, on the intra-alveolar
bone facing the root, and in the palatal
median bone suture. Bone formation rate in
the palatal median bone suture was meas-
ured at the level of the middle portion of the
mesial root of the maxillary first molar. In
addition, cementum formation in the apical
part of the root was estimated in the same
manner. In each location the perpendicular
maximal distance between the two fluores-
cent lines was measured in each photograph
and a mean value per day was calculated.

Results

Clinical inspection of the gingiva around the
experimental teeth revealed that a mild
inflammation had developed under the
orthodontic spring and the arch wire in half
of the rats that had been treated orthodont-
ically for 6 days. The orthodontic force had
produced a tipping movement of the max-
illary right first molar and thus two pressure
zones—a buccal cervical and a lingual
apical—and two tension zones—a lingual
cervical and a buccal apical—had developed
in the PDM.

A moderate non-specific alkaline phos-
phatase activity was demonstrable in the con-
nective tissue of the PDM. The bone surfaces
were outlined with a narrow band of intense
non-specific alkaline phosphatase activity
that was vanadate- and levamisole-resistant.
Incorporation of tetracycline was demon-
strated on all bone surfaces. Bone formation
rate was low and uniform in the alveolus.
Non-specific alkaline phosphatase of the
connective tissue in the PDM did not change
after the application of low forces. High
forces, however, inhibited enzyme activity
of the connective tissue in the pressure zones
of the PDM. Vanadate- and levamisole-
resistant alkaline phosphatase activity on the
bone surfaces and tetracycline incorporation
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into the bone were inhibited in the pressure
zones of the PDM regardless of the magni-
tude of the force. The activity and distri-
bution of alkaline phosphatases and tetra-
cycline incorporation will be described in
detail below.

Alkaline phosphatase

The connective tissue in the intra-alveolar
part of the PDM and the connective tissue
above the alveolar crests close to the tooth
exhibited a moderate and uniform non- spe-
cific alkaline phosphatase activity (Fig. 1 and
Table 1). A moderate enzyme activity was
found in the palatal median bone suture and
in the sutures of the skull. All bone surfaces
were outlined by a continuous band of
intense non-specific alkaline phosphatase
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Fig. 1. Non-specific alkaline phosphatase activity in a
frontal frozen section of an untreated tooth and sur-
rounding alveolar bone. The enzyme activity was mod-
erate and uniform in the periodontal membrane (PDM)
below the crests and in the gingival connective tissue
close to the tooth. Buccal alveolar crest (BC), dentin
(D), oral mucosa (OM). Bar = 100 um.
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Fig. 2. Buccal alveolar crest (BC), buccal part of the
tooth, and buccal oral mucosa (OM). A narrow band
of connective tissue that covered the alveolar crests
showed an intense non-specific alkaline phosphatase
activity. In addition, some blood vessels (arrow) close
to the oral epithelium showed an intense enzyme
activity. Dentin (D), periodontal membrane (PDM).
Bar = 100 pm.

activity (Fig. 2). The enzyme activity on the
bone surfaces remained intense when lev-
amisole was added to the incubation medium
or preincubation with vanadate was per-
formed (Fig. 3 and Table 1). Vanadate-
resistant alkaline phosphatase activity could
not be demonstrated in the connective tissue
of the PDM and sutures, whereas a very
weak activity of levamisole-resistant alkaline
phosphatase was present.

Low orthodontic forces did not affect
non-specific alkaline phosphatase activity in
the connective tissue of the PDM. However,
the intense activities of vanadate- and
levamisole-resistant alkaline phosphatase on
the bone surfaces in the pressure zones were
gradually inhibited (Table 1). After 1 day

Alkaline phosphatases and tetracycline S

of orthodontic treatment with low forces,
moderate activities of vanadate- and
levamisole-resistant alkaline phosphatase
were demonstrated on the bone surfaces in
the pressure zones (Fig. 4 and Table 1), and
after 3, 4, and 6 days these enzyme activities
were no longer demonstrable (Fig. 5 and
Table 1).

After high orthodontic forces had been
applied for 1 day, non-specific alkaline phos-
phatase activity was not demonstrable in the
connective tissue of the pressure zones (Fig.
6 and Table 1). Changes in activity of
vanadate- and levamisole-resistant alkaline
phosphatase on the bone surfaces facing the
pressure zones in rats treated with high
forces were similar to those seen with low
forces; however, they occurred more rapidly
(Table 1).

The originally intense activities of
vanadate- and levamisole-resistant alkaline
phosphatase in the tension zones of the PDM
in all the orthodontically treated rats were

Fig. 3. Vanadate-resistant alkaline phosphatase activity
in a frontal frozen section from an untreated rat. The
buccal periostal bone surface and the buccal intra-alveo-
lar bone were outlined by a narrow band of intense
enzyme activity. Buccal alveolar bone (BC), periodon-
tal membrane (PDM), dentin (D). Bar = 100 um.
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Fig. 4. Vanadate-resistant alkaline phosphatase activity
in the buccal pressure zone after 1 day of orthodontic
treatment with a low force. Enzyme activity along the
alveolar bone surface was slightly reduced in the buccal
pressure zone compared within the controls. Buccal
alveolar crest (BC), periodontal membrane (PDM),
dentin (D). Bar = 100 um.

reduced to moderate activities after 3, 4, and
6 days of orthodontic treatment (Fig. 7). At
the palatal alveolar crests of these rats
vanadate- and levamisole-resistant alkaline
phosphatase activity could be seen extending
along the stretched periodontal fibers into
the PDM (Fig. 7). In the untreated rats these
activities were confined to a narrow line at
the bone surface. The palatal bone surface
of the rats, where a mild inflammation was
found under the orthodontic appliances,
lacked demonstrable vanadate- and
levamisole-resistant alkaline phosphatase
activity (Fig. 8).

Tetracycline

The fluorescent lines were distinct and
narrow in the analyzed area of the alveolar
bone, indicating that the sections were more
or less perpendicular to the surface of bone
formation. The distance between the two
fluorescent lines in the four rats given two
doses of tetracycline could, thus, be used to
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calculate the average daily bone formation
with a reasonable degree of accuracy and
precision. The average rates of bone
formation in various locations of the
alveolar bone varied between 1 pm and 6 um
per day and are summarized in Fig. 9. Bone
formation rate was low and uniform on the
buccal and lingual bone surfaces of the
alveolus. The palatal median bone suture
showed a bone formation rate of 3 um/day.
The maximal deviation from the mean values
was 0.6 um/day.

When a single dose of tetracycline was
administered, a narrow band of intense to
moderate fluorescence appeared on all bone
surfaces (Fig. 10). After the application of
low orthodontic forces for 10 h the originally
intense fluorescence on the bone surfaces
facing the pressure zones and on the buccal
periostal bone surfaces was reduced to a
moderate activity (Fig. 11 and Table 1). Only

Fig. 5. Buccal pressure zone in a rat treated with a low
orthodontic force for 3 days. The bone surface facing
the buccal pressure zone lacked levamisole-resistant
alkaline phosphatase activity, whereas the buccal per-
iostal bone surface was covered with a cell layer, three
to four cells thick, which exhibited an intense enzyme
activity. Buccal alveolar crest (BC), periodontal mem-
brane (PDM), dentin (D). Bar = 100 pm.



ACTA ODONTOL SCAND 42 (1984)

shde.. . Nl Lt b 3 o

Fig. 6. Non-specific alkaline phosphatase activity in the
buccal pressure zone after 1 day of orthodontic treat-
ment with a high force. The buccal pressure zone lacked
enzyme activity in the periodontal membrane and on
the intra-alveolar bone surface. Buccal alveolar crest
(BC), enzyme-free zone (EF), dentin (D).
Bar = 100 um.

a weak fluorescence in a non-continuous line
could be detected in the pressure zones after
the application of low forces for 1 day, and
after 3, 4, and 6 days no tetracycline uptake
could be demonstrated there (Fig. 12 and
Table 1). Weak deposits of fluorescence
were detected on the buccal periostal surface
after 3, 4, and 6 days. In the rats treated
with high forces the changes in intensity of
fluorescence on the pressure sides and on
the buccal periostal bone surfaces followed
the same pattern as seen with low forces.
However, the changes occurred more rapidly
(Table 1). Incorporation of tetracycline on
the bone surfaces in the tension zones neither
increased nor decreased over the 6-day
experimental period.

Discussion

Tetracycline forms a stable complex on the
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surface of growing apatite crystals at the
front of mineralization (10, 18,25). A few
investigators have used tetracycline in com-
bination with ground sections to demon-
strate formation of bone in the tension zones
and marrow spaces during orthodontic tooth
movement (15,21, 39). However, no cor-
relation with the hyaline zone of the PDM
has been made. The present method enables
localization of areas of maximal compression
and hyalinization in the PDM and a subse-
quent mapping of the tetracycline distribu-
tion in these areas. Macrophotographs of the
frozen surfaces gave no information con-
cerning cell morphology, and the resolution
was not as high as in microphotographs of
ground sections. A buccal drift of the rat
molar within its alveolus has been discussed
(34). In the present study the bone formation
rate in the alveoli seemed to be uniform and
did not exceed the resolution of the double

Fig. 7. Vanadate-resistant alkaline phosphatase activity
in the lingual tension zone of a rat treated with a low
force for 3 days. The originally intense enzyme activity
on the lingual bone surface was reduced to a moderate
activity. At the palatal alveolar crest (PC) the enzyme
activity (arrows) could be seen extending along the
stretched periodontal fibers into the periodontal mem-
brane (PDM). Dentin (D). Bar = 100 pm.
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Fig. 8. Frontal frozen section of the palatal bone (PB) surface of a rat after 6 days of orthodontic treatment with
a low force. Vanadate-resistant alkaline phosphatase had disappeared (arrows) on the bone surface below the
location of the orthodontic appliance. Periodontal membrane (PDM). Bar = 100 um.

labeling with tetracycline. The palatal
median bone suture, however, showed a
comparatively high bone formation rate. The
low bone formation rate in the alveoli in the
untreated rats and the lack of a buccal drift
within the alveoli in combination with the
sutural bone apposition probably resulted in
a buccal movement of the entire alveolar
processes including the molars.

In the present investigation tetracycline
incorporation on the bone surfaces facing
the pressure zones was gradually inhibited
after both high and low orthodontic forces.
A direct relationship between blood supply
and incorporation of tetracycline into bone
has been suggested (25). High orthodontic
forces produce bleeding (22) and necrosis
(23) in the most compressed areas in the
PDM, and disturbances of the blood circu-
lation may have prevented tetracycline from
being distributed to these areas. Aninhibited
fluorescence also accompanied low forces,
although neither bleeding (22) nor loss of
vitality (23) has been found incident to these
forces. In a previous study in the cat (26) it
was shown that the blood circulation was not

affected if forces were used that compressed
the PDM less than one third of its width.
Such low forces were used in the present
study. It is thus possible that bone formation,
as seen by tetracycline incorporation, was
not only dependent on the local blood cir-
culation but was influenced directly by
mechanical forces. The fact that no changes
in tetracycline incorporation could be dem-
onstrated on the bone surfaces facing the
tension zones was in accordance with a pre-
vious study in cats (15). Only a minor
increase in tetracycline incorporation was
demonstrated on the bone surfaces in the
tension zones of the PDM during the first
week of orthodontic treatment.

The activity of non-specific alkaline phos-
phatase in the connective tissue of the PDM
did not change during orthodontic treatment
except in areas of maximal compression,
where local necrosis and hyalinization have
previously been shown (20,23, 31, 32).
However, vanadate- and levamisole-resist-
ant alkaline phosphatase activity on the bone
surfaces of the PDM was influenced after
both low and high orthodontic forces. The
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Fig. 9. Rate of bone and cementum formation at the
alveolar crests, at the surfaces of the buccal and palatal
bone, and at the apex of the root, expressed in
micrometers per day. Measurements of bone formation
of the buccal and palatal bone were made 400 um from
the crests. Bone formation rate in the central part of
the alveoli varied between 1 and 2 pm/day, which was
calculated from the total width of two tetracycline lines
obtained by two injections 20 days apart. Buccal alveo-
lar crest (BC). Bar = 100 um.

activity of these tissue-specific isoenzymes
on the bone surfaces and the incorporation
of tetracycline into the bone were gradually
inhibited in the pressure zones. The physio-
logical significance of the intense alkaline
phosphatase activity in the cell layers cover-
ing the bone is not fully understood. Resting
and active bone surfaces have been sug-
gested to be covered by a continuous mem-
brane or ‘bone membrane’, which regulates
the exchange of ions and nutrients between
the interior of the bone and the extraceliular
fluid outside the bone (6,7,17,19). The
vanadate-resistant  alkaline phosphatase
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activity in the present study seemed to form
a continuous membrane on bone surfaces
where bone formation took place, as indi-
cated by tetracycline incorporation.
Vanadate-resistant alkaline phosphatase
may be identical to Ca®*-activated ATPase
(4,28). 1t is possible that activity of Ca**-
ATPase in the ‘bone membrane’ participates
in bone mineralization and acts as a calcium
pump to maintain the concentration gradient
of calcium over the ‘bone membrane’ (36).

The presence of both levamisole- and
vanadate-resistant alkaline phosphatase in
the ‘bone membrane’ indicates that more
than one isoenzyme of alkaline phosphatase

Fig. 10. Frontal macrophotograph of the right first molar
and alveolar bone of an untreated rat that had been
injected with tetracycline 24 h before it was killed.
Tetracycline fluorescence was intense on the surfaces
of the buccal and palatal bone, whereas the intra-alveo-
lar bone surface sometimes exhibited a less intense
fluorescence. Buccal alveolar crest (BC), bone marrow
(BM), periodontal membrane (PDM), dentin (D).
Bar = 100 pm.
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Fig. 11. Tetracycline fluorescence in a frontal macro-
photograph after 10 h of a low orthodontic force. The
fluorescence of the bone facing the buccal pressure zone
(arrow) was reduced compared with the untreated rat.
Note that the tetracycline fluorescence on the buccal
periostal surface was lower than in the untreated rat.
Buccal alveolar crest (BC), periodontal membrane
(PDM), dentin (D). Bar = 100 um.

may participate in bone mineralization.
Activity of those isoenzymes could not be
demonstrated in the pressure zone, which
was an area where bone formation was
inhibited. This area has previously been
shown to undergo bone resorption
(20, 23, 31, 32). The disappearance of the
‘bone membrane’ may be associated with an
inhibited bone formation and the initiation
of bone resorption.
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Fig. 12. Tetracycline fluorescence in a frontal macro-
photograph after 3 days of a low orthodentic force. No
fluorescence could be demonstrated on the bone surface
facing the buccal pressure zone (arrow), and only weak
traces of fluorescence remained on the buccal periostal
surface. Buccal alveolar crest (BC), periodontal mem-
brane (PDM), dentin (D). Bar = 100 pm.
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