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Tooth position has been suggested to be an important factor in gingival recession. Due to

conflicting reports in the literature, this study was undertaken to examine the effects of labial
tooth movement on changes in the marginal periodontium. Orthodontic tooth movement was

performed in five monkeys (Macaca nemistrina). Oral health was established and exploratory
surgery was performed to assess the level of the connective tissue attachment and marginal
bone. Measurements of the gingival margin and mucogingival junction were taken and
orthodontic forces were applied. The central incisors were moved labially a mean distance of
3.05 mm. Posttherapy measurements were performed to assess the change which occurred as

a result of tooth movement. Significant recession of the gingival margin, connective tissue
level and marginal bone was found.

Tooth position has been suggested to be an important
factor in gingival recession. In an attempt to determine
the prevalence of and etiologic factors associated with
gingival recession, Parfitt and Mjor1 examined 668 school
children 9 to 12 years of age. In this group, 8% of the
children were found to have between 2 and 5 mm of
gingival recession associated with the mandibular inci-
sors. Of the factors considered, tooth arch discrepancies
were found to be most commonly associated with the
observed recession. In fact, the authors state that 80% of
the affected teeth had a tooth arch discrepancy.

In a similar study, Trott and Love2 investigated a

group of 766 high school students of ages 14 to 19. The
labial surfaces of the mandibular anteriors were exam-

ined for the incidence of recession, and factors most
commonly associated with the recession. Of the teeth
examined 1.8% were reported to have recession of greater
than 3 mm. The factor most commonly associated with
recession was tooth malposition.

Gorman3 examined 164 subjects of ages 16 to 86 years
for recession. Recession was considered to be any
amount of root exposure. In teeth in pronounced labio-
version, 61% (32 out of 52) were found to have some

degree of recession and 15% in pronounced linguoversion
(4 out of 26) had gingival recession. Of the factors
examined, malposition of the teeth was the factor most
frequently associated with recession.

Pearson4 conducted a study on 27 untreated cases and
45 cases treated by orthodontics. The untreated cases
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were considered normal and the treated cases were se-

lected because they exhibited the most severe amount of
gingival recession out of a total of 600 treated cases. The
untreated cases were examined for amount of recession
initially and 2 years later. The treated group was exam-

ined for amount of recession before and after orthodontic
therapy. The average gingival height of the two mandib-
ular central incisors served as the basis for comparison
between treated and untreated groups. The positions of
the teeth were assessed by cephalometric tracings. The
untreated cases showed an average of 0.04 mm gingival
recession and the treated group exhibited 1.1 mm reces-

sion; however, the author stated that no correlation could
be found between the amount of labial or lingual tooth
movement and the degree of recession.

Batenhorst et al.5 examined the effects of orthodontic
movement in two rhesus monkeys. Bands were placed
on the mandibular anterior teeth and forces were applied
for a period of 54 to 64 days in order to tip one lower
central and one lower lateral incisor facially in each
monkey. The contralateral teeth served as controls. A
maintenance period of 240 days was allowed for reten-
tion. The resulting tooth movement was found to be in
a facial and coronal direction. Apical displacement of
the gingival margin in relation to the experimental teeth
was found to average 3.2 mm. On the control teeth,
apical displacement was minimal. The amount of at-
tached gingiva was found to increase on an average of
1.6 mm for the experimental teeth, with minimal changes
for the controls.

Dorfman6 recently published a study in which photo-
graphs of 1162 orthodontic cases were examined for
areas of initial minimal keratinized gingiva (<2 mm) or

marked visible changes in the width of keratinized gin-
giva which occurred during treatment. The initial and
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final cephalograms from these cases were also examined
for changes in tooth position in order to determine if
there was any correlation between mandibular incisor
tooth movement and changes seen in keratinized gingiva
during orthodontic therapy. The results indicated that
those 16 patients who demonstrated marked gingival
recession had no consistent buccal or lingual tooth move-
ment. However, in the eight patients exhibiting an in-
crease in keratinized gingiva, there was a significant
amount of lingual tooth movement.

Thus, the studies by Parfitt and Mjor,1 Trott and
Love,2 Gorman,3 and Batenhorst et al.5 seem to indicate
that tooth malposition is often associated with gingival
recession. This is contrary to the findings of Pearson.4
Further, Dorfman6 found no strong correlation between
labial tooth movement and loss of keratinized gingiva.
Due to the conflicting results reached by previous au-

thors, this study was undertaken to examine the effects
of labial tooth movement on changes of the marginal
periodontium.

MATERIALS AND METHODS

Animals

Five adult female monkeys (Macaca nemistrina) were

used as experimental subjects. The maxillary and man-

dibular central incisors were subjected to labial ortho-
dontic movement and the canines served as untreated
control teeth. The lateral incisors were not analyzed in
an effort to separate the moved and unmoved teeth by
a reasonable dimension.

Oral Hygiene
The teeth of each subject were initially thoroughly

scaled and polished. Throughout orthodontic therapy,
each monkey received oral hygiene care according to
two different methods. One arch was swabbed with
Chlorhexidine and flossed while the opposing arch was
brushed with a soft toothbrush* and toothpaste^ and
flossed (Fig. 1).
Amalgam Marker

An amalgam marker was placed on the facial surface
of each anterior tooth. The marker was placed above the
gingival margin but below the orthodontic brackets. All
measurements were taken from the apical extent of the
amalgam marker.

Parameters

Tooth Movement (TM). The amount of labial tooth
movement was calculated by comparing an initial mea-

surement from the mesial fossa of the second bicuspid to
the incisai edge of the central incisor with this same

measurement after orthodontic tooth movement.

* Pycopay, Block Drug Corp., Jersey City, NJ 07302.
t Ultrabright toothpaste, Colgate Palmolive Corp., New York, NY.

RIGHT QUADRANT LEFT OUADRANT

MAXILLA Chlorhexidine exploratoryswab surgery
Chlorhexidine

swab

MANDIBLE mechanical exploratorycleaning surgery
mechanical

cleaning

Figure 1. Diagram distribution of the variables oral hygiene and preor-
thodontic exploratory surgery on animals 1, 3, 5. The remaining animals
(2, 4) received identical treatment but in opposite quadrants and arches.

Gingival Margin (GM). Measurements were made
from the apical extent of the amalgam marker on the
tooth to the gingival margin. The measurements were

taken using dividers and were transferred to a record
sheet by punching holes in the paper. The distance
between the two points was later read with a comparator.

Mucogingival Junction (MGJ). Where there was any
doubt of the exact location of the mucogingival junction,
the mucosa was swabbed with Schiller's iodine solution7
which stains the nonkeratinized oral mucosa dark brown.
The iodine solution does not stain the keratinized gin-
gival area. Measurements were then made from the
apical extent of the amalgam marker to the mucogingival
junction. Dividers were used as above.

Width of Keratinized Gingiva (KG). The width of
keratinized gingiva was calculated by subtracting the
distance between the alloy and the gingival margin from
the distance between the alloy and the mucogingival
junction.

Connective Tissue Level (CTL). The level of the con-

nective tissue attachment was determined by measuring
from the apical extent of the amalgam marker to the
most coronal extent of the connective tissue fibers sub-
sequent to the careful elevation of a labial full thickness
flap (Fig. 2). Toluidine blue was applied and used to
delineate the level of the collagen fibers on the tooth
surface8 (Fig. 3). The preorthodontic exploratory surgery
was performed on either right or left quadrants. The
measurements for the connective tissue level on the teeth
in the quadrants which received preorthodontic explor-
atory surgery served also as initial readings for contra-
lateral teeth. Prior to surgery, the distance from the
incisai edge to the apical extent of the amalgam marker
was measured with dividers. During surgery the mea-

surement was made from the amalgam marker to the
connective tissue level (Fig. 4). These two numbers were

added and then used as initial measurements for the
contralateral teeth. In this manner measurements could
be obtained for the teeth which were not operated on

surgically before the orthodontic tooth movement. The
assumption was made that contralateral teeth would
have similar anatomy.

Marginal Bone Level (MBL). The level of the marginal
bone was also assessed during the preorthodontic ex-

ploratory surgery in a similar manner as for the connec-
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Figure 2. Preorthodontic exploratory surgery.

Figure 3. Application of toluidine blue. The stained areas include plaque
and collagen fibers. The unstained area between collagen fibers and
plaque indicates previous epithelial attachment.

five tissue (Fig. 5). Figure 1 describes the quadrants
which received preorthodontic exploratory surgery. The
postorthodontic surgery included all anterior teeth. Mea-
surements were then taken on all central incisors and
cuspids. Dividers were used as described above.

Orthodontics

Edgewise orthodontic applicances were used to
achieve tooth movement. Segment wires were positioned
in each quadrant from first molar to lateral incisor to
include the second bicuspid and cuspid. The centrals
were then bracketed to 16 X 22 elgiloy wire run through
tubes located on each segment wire (Fig. 6). Activation
of the appliance was achieved by the use of open coil
wire to provide approximately 50 gm of force in the
labial direction (Fig. 7). The appliances were checked
weekly to insure bodily movement, and to prevent extru-
sion. Bodily movement of the right and left central
incisors in both arches was continuous until dehiscence
in the alveolus was believed to have occurred. The
presence of a dehiscence was evaluated by palpation and
lateral cephalograms. Orthodontic forces were thus ap-
plied for a period of 13 weeks. A stabilization period of
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3 weeks followed (Fig. 8). The experimental design is
outlined in Figure 9.

Statistical Method
To compare displaced central incisors and untreated

control cuspids for dependent variables (gingival margin,
mucogingival junction, keratinized gingiva, connective
tissue level and marginal bone level) a general analysis
of variance program (BMD08V) was used. The variables
of classification included orthodontic movement, animal
differences and maxilla/mandible. Left/right was con-
sidered to be two duplications nested within animals. A
fixed constant model was used on each variable of
classification except for left/right.

A general linear hypothesis program (BMDX64) was
used to test for the relationship between tooth movement
and changes in the dependent variables. The program
was adjusted for animal differences, maxillary/mandib-
ular differences and interaction between maxillary and
mandibular arches. Design variables were animal and
maxilla/mandible. Tooth movement served as the co-

variate.
In order to determine if mechanical cleaning versus

Chlorhexidine treatment and initial exploratory surgery
versus no surgery had any effect on the changes found
in the dependent variables, the general linear hypothesis

Figure 4. Measurement of the level of connective tissue attachment.
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Figure 5. Measurement of the level of the marginal bone.

Figure 6. Orthodontic appliance used to create labial displacement of the
central incisors.

program (BMDX64) was again used. Animals, maxilla/
mandible, mechanical cleaning/chlorhexidine, surgery/
nonsurgery, served as design variables. Interactions were

not included in the model.

RESULTS

The changes in pre- and postexperimental data includ-
ing mean and standard deviations for all dependent
variables can be found on Table 1. Figure 10 and Table
1 demonstrate the difference between the pre-experimen-

Figure 7. Tooth and gingival relationships prior to orthodontic therapy.

Figure 8. After orthodontic therapy.

EXPERIMENTAL DESIGN

Procedures

Surgery on right
quadrants of monkeys
1 3 and 5. Surgery on
left quadrants of
monkeys 2 and 4

 weeks

Orthodontic forces
applied

Measurements

Marker to marginal
bone level and con
nective tissue level

Weekly measurements
from amalgam marker
to gingival margin
and mucogingival

junction

13 weeks

Stabilization

Flap surgery on all
anterior teeth

3 weeks

Final measurements of
gingival margin
mucogingival junction
connective tissue level
and marginal bone level

Figure 9. Experimental design.
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Table 1
Changes in dependent variables during 16 weeks of orthodontic therapy, comprising 13 weeks of labial movement ofcentral incisors and a subsequent 3
week stabilization period
The abbreviations are for amount of labial movement (TM), change in width of keratinized gingiva (KG), and change in distance from amalgam
marker to gingival margin (GM), mucogingival junction (MGJ), level of connective tissue (CTL) and marginal bone level (MBL). All
measurements are in millimeters.

Displaced incisors Control cuspids
Animal

Tooth TM GM MGJ KG CTL MBL Tooth GM MGJ KG CTL MBL

9
24
25

8
9

24
25

8
9

24
25

8
9

24
25

8
9

24
25

2.0
2.5
2.0
3.0

4.0
4.0
3.0
4.0

2.0
2.0
3.5
3.5

2.5
2.0
4.0
3.5

2.5
3.5
4.0
3.5

0.3
0.5
0.6
0.9

1.3
1.5
1.6
1.4

1.1
0.6
0.8
1.3

0.6
1.0
1.5
1.3

1.2
0.8
0.6
1.2

0.8
0.4
0.6
0.5

2.0
1.4
1.6
1.4

1.1
0.3
0.9
1.8

0.1
1.1
0.9
0.0

1.3
1.0
1.8
1.4

0.5
-0.1

0.0
-0.4

0.7
-0.1

0.0
0.0

0.0
-0.3

0.1
0.5

-0.5
-0.1
-0.6
-1.3

0.1
0.2
1.2
0.3

0.2
0.5
0.7
0.8

3.7
3.0
4.1
3.7

1.5
1.6
1.6
1.3

1.9
1.5
1.6
1.3

1.9
1.9
2.4
2.2

8.1
7.9
7.2
3.1

0.1
0.5
2.7
2.8

7.5
6.3
6.2
5.0

1.0
0.6
7.8
7.4

10.2
6.8
9.1
7.6

6
11
22
27

6
11
22
27

6
11
22
27

6
11
22
27

6
11
22
27

-0.2
-0.2
0.0
0.3

0.3
0.2
0.0
0.2

0.1
0.2
0.3
0.7

0.5
0.0
0.1
0.8

0.3
0.1

-0.2
0.5

-0.3
-0.4
0.2
0.8

0.3
0.2
0.0
0.2

0.0
0.2
0.7
0.6

0.4
0.2
0.3
0.2

0.2
0.3
0.1
0.2

-0.1
-0.2
0.2
0.5

0.0
-0.1

0.3
0.0

-0.1
0.0
0.4

-0.1

-0.1
0.2
0.3
0.6

-0.1
0.2
0.3

-0.1

-1.5
-0.1
0.9
1.2

2.3
0.8
2.2
1.3

-1.5
0.0
0.0

-1.7

1.4
1.4
0.5
1.0

2.4
1.4
0.7

-0.1

0.3
0.8
1.3
6.4

1.3
-1.1

3.7
3.0

1.4
1.2
0.5
1.2

2.3
0.3
1.7
3.1

-0.2
1.2
0.5

-0.1

Mean
SD

3.05
0.8

1.01
0.4

1.02
0.6

0.01
0.5

1.93
1.1

5.48
3.1

0.20
0.3

0.23
0.3

0.10
0.2

0.89
0.8

1.52
1.0

tal and postexperimental measurements for all displaced
incisors and orthodontically untreated control cuspids.
Upon comparison of displaced and control teeth, there
were significant differences in the distance from the
amalgam marker to the gingival margin, the mucogin-
gival junction, the connective tissue level and the mar-

ginal bone level. However, there was no difference in the
width of the keratinized gingiva (Table 2).

The statistical data (Table 2) demonstrate a significant
recession of the gingival margin (P < 0.001) in displaced
incisors over untreated control cuspids. Difference be-
tween the recession of the upper and lower teeth indi-
cated an increased amount of recession associated with
the lower arch (P < 0.05). A similar difference was found
in the distance from the amalgam marker to the muco-

gingival junction, except that in this respect the differ-
ence between displaced versus control teeth was only
significant to the 0.01 level.

The analysis of the difference between displaced and
untreated control teeth in relation to the connective tissue
level found a loss of connective tissue attachment sig-
nificant to the 0.001 level. Significant differences were
found between the reactions of various animals (P <

0.01) and the interaction between animals and orthodon-
tic movement (P < 0.05). The change in the height of
the facial alveolar bone was significantly different to the

0.001 level when comparing displaced versus control
teeth. Significant differences were also found between
the changes observed in different animals, in maxillary
and mandibular arches, and in interactions of these two
variables (P < 0.01).

The amount of recession of the gingival margin and
changes in the distance between the amalgam marker
and the mucogingival junction, the connective tissue
level and the marginal bone level were all found to be
not statistically significantly related to the amount of
tooth movement.*

The displaced teeth that were brushed and flossed had
no changes different from those in the teeth which were
swabbed with Chlorhexidine.*

The teeth that received pre-experimental exploratory
surgery had the same changes in the measurements for
the gingival margin, mucogingival junction, connective
tissue level and marginal bone level as had the contra-
lateral nonsurgically treated teeth.*

DISCUSSION
This study was designed to analyze the relationship

between labial tooth movement and changes of the mar-

ginal periodontium.
* Statistical method and data available upon request.
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(8.58mm) T

W] TREATED INCISORS

 UNTREATED CUSPIDS

DL 04 

GINGIVAL MUCOGINGIVAL WIDTH OF CONNECTIVE MARGINAL
MARGIN JUNCTION KERATINIZED TISSUE BONE

GINGIVA LEVEL LEVEL

P<0.001 P<0.01 NS P<0.001 P<0.001

Figure 10. Changes in measurements before and after therapy for dis-
placed versus control teeth—mean and standard deviations in millimeters.
Positive values indicate an increase in the distance from the amalgam
marker to the parameter being measured.

The selection of centrals as orthodontically displaced
teeth and canines as untreated controls was necessitated
by a number of factors. The main reason was the need
to design an applicance in which displaced and control
teeth were in the same arch but separated by at least one

tooth. The appliance had to be easily adjustable but have
the ability to withstand the abuse of very dexterous
monkeys. The use of centrals as displaced teeth allowed
the construction of a heavy appliance which could apply
bilateral forces while also having the benefits of using
cuspids, which are not easily displaced, as control teeth.

The measurement of the connective tissue level was

achieved by the use of toluidine blue stain. This stain
was used by Waerhaug8 to locate the connective tissue

level on extracted teeth. Toluidine blue served well for
our in vivo purpose.

The results demonstrated that labial tooth movement
results in loss of marginal bone and connective tissue
attachment as well as in gingival recession.

A major factor which set this study apart from the
clinical situation is the duration of tooth movement and
retention periods. Given more time, areas of more exten-
sive recession may have developed. The amount of gin-
gival recession found was statistically significant. How-
ever, areas with extensive gingival recession similar to
that occasionally observed in man were not seen.

The gingival changes observed as a result of labial
displacement during this study correlated well with pre-
vious reports associating tooth position and recession.1"3,5
The width of the keratinized gingiva in the present study
did not change significantly. On the other hand, an
increase in the distance from the amalgam marker to the
MGJ was observed. According to studies in humans, an
increase in the distance from the cementoenamel junc-
tion to the MGJ is indicative of an eruptive movement
of the tooth.9-11 The three-dimensional movement of
anatomical landmarks in the present experiment makes
the evaluation of the measurements more complicated
but the possibility remains that, despite precaution, the
displaced teeth slightly erupted concurrently with the
labial movement.

The recent publication by Dorfman6 of a postortho-
dontic study in humans indicated no relationship be-
tween changes in the width of keratinized gingiva and
the amount of facial tooth movement. This finding is in
agreement with the results of the present study.

The changes in the level of the alveolar bone demon-
strated that it is possible to move a tooth out of its
alveolar housing. The data collected for this measure-

ment did not reflect the total degree of bone lost facial
to the displaced teeth. Initially no dehiscences or fenes-
trations were found. Post therapy measurements were

made to the first encountered bone on the facial surfaces.
Often, apical to this bone, fenestrations in the alveolus
were found to the root apex.

One mechanism by which recession occurred in this
study may be associated with tension created in the
gingiva generated by orthodontic forces. As tooth move-

ment occurred, the gingiva located facially to the dis-
placed teeth seemed to become thinned. The distofacial
surfaces of the moved teeth showed the most obvious
signs of loss of connective tissue attachment as evidenced
by exposed cementum (Fig. 8). Throughout the study, in
spite of excellent oral hygiene, signs of gingival inflam-
mation persisted at these surfaces. It appears that the
alveolar process provides a natural housing covered by
keratinized gingiva. If a tooth is moved outside the
alveolar process it may also move out of its gingival
coverage.

Thus, indirect evidence from previous cross-sectional
studies in humans plus data from the present experimen-
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Table 2
Analysis of variance for dependent variables-
See table 1 for abbreviations.

 orthodontically displaced incisors versus control cuspids

Variable Source

De-
Sum of ., eree of

Mean squares
.squares free-
dom

GM Mean
1 (orth. movement)
J (animal)
 (upper/lower)
IJ
JK

MGJ Mean
I (orth. movement)
J (animal)
 (upper/lower)
IJ
JK

KG Mean
I (orth. movement)
J (animal)
 (upper/lower)
IJ
JK

CTL Mean
I (orth. movement)
J (animal)
 (upper/lower)
IJ
JK

MBL Mean
I (orth. movement)
J (animal)
 (upper/lower)
IJ
JK

14.52
6.480
1.353
0.3422
0.5985
0.3864

15.62
6.240
2.042
0.3999
1.771
0.7324

0.1322
0.9024
0.8314
0.1102
1.763
0.3534

62.49
15.37
29.56

0.4899
5.866
3.908

467.1
156.4
42.47
14.04
76.95
35.14

14.52
6.480
0.3383
0.3422
0.1496
0.9662

15.62
6.240
0.5106
0.3999
0.4428
0.1831

0.1322
0.9024
0.2078
0.1102
0.4408
0.8837

62.49
15.37
7.391
0.4899
1.466
0.9771

467.1
156.4

10.61
14.04
19.23
8.785

1
1
4
1
4
4

1
1
4
I
4
4

1
1
4
1
4
4

1
1
4
1
4
4

1
1
4
1
4
4

99.62
60.70

2.32
8.83
1.40
2.49

96.74
20.22

3.16
10.38
2.14
4.75

1.09
0.89
1.72
1.43
4.37
1.15

158.02
67.89
18.68
0.09
6.47
1.87

60.26
28.63
18.21
7.41

11.39

0.001
0.001
NS
0.05
NS
NS

0.001
0.01
NS
0.05
NS
NS

NS
 S
NS
NS
NS
NS

0.001
0.001
0.01
NS
0.05
NS

0.001
0.01
0.01
0.05
0.01

tal study and the study by Batenhorst et al.5 in monkeys
provide evidence that tooth malposition plays an impor-
tant role in the process of gingival recession. In an effort
to preserve the supporting structures of the dentition, the
relationship between facial displacement and recession
should be considered.
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