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Gingival margin alterations and the 
pre-orthodontic treatment amount of 
keratinized gingiva

Alterações da margem gengival e a quantidade 
de gengiva ceratinizada pré-tratamento 
ortodôntico

Abstract: The purpose of this retrospective study was to associate the amount of kera-
tinized gingiva present in adolescents prior to orthodontic treatment to the development 
of gingival recessions after the end of treatment. The sample consisted of the intra-oral 
photographs and orthodontic study models from 209 Caucasian patients with a mean age 
of 11.20 ± 1.83 years on their initial records and 14.7 ± 1.8 years on their final records. 
Patients were either Angle Class I or II and were submitted to non-extraction orthodon-
tic treatment. Gingival recession was evaluated by visual inspection of the lower incisors 
and canines as seen in the initial and final study models and intra-oral photographs. The 
amount of recession was quantified using a digital caliper and the observed post-treat-
ment gingival margin alterations were classified as unaltered, coronal migration of the 
gingival margin or apical migration of the gingival margin. The width of the keratinized 
gingiva was measured from the mucogingival line to the gingival margin on the pre-treat-
ment photographs. The teeth that developed gingival recession and those that did not 
have their gingival margin position changed did not differ in relation to the initial amount 
of keratinized gingiva (3.00 ± 0.61 and 3.5 ± 0.86 mm, respectively). Paradoxically, teeth 
that presented a coronal migration of the gingival margin had a smaller initial amount of 
keratinized gingiva (2.26 ± 0.31 mm). The mean amount of initial keratinized gingiva did 
not predispose lower incisors and canines to gingival recession. 
Descriptors: Orthodontics; Gingival recession; Gingiva.

Resumo: O objetivo deste estudo retrospectivo foi associar a quantidade de gengiva 
ceratinizada existente em adolescentes pré-tratamento ortodôntico e o desenvolvimen-
to de recessões gengivais pós-tratamento ortodôntico. A amostra consistiu de fotogra-
fias intra-orais e modelos de estudo de 209 pacientes leucodermas com idades médias de 
11,20 ± 1,83 anos nos exames iniciais e 14,7 ± 1,8 anos nos exames finais. Os pacientes 
eram Classe I ou II de Angle e foram submetidos a tratamento ortodôntico sem extrações. 
As recessões gengivais foram avaliadas por inspeção visual dos incisivos e caninos inferio-
res nas fotografias e nos modelos de estudo iniciais e finais dos pacientes. As alterações da 
margem gengival pós-tratamento foram medidas com paquímetro digital e subdivididas 
em inalterada, migração coronal da margem gengival, ou migração apical da margem gen-
gival. A quantidade de gengiva ceratinizada foi medida da linha mucogengival à margem 
gengival nas fotografias pré-tratamento ortodôntico. Tanto os dentes que desenvolveram 
recessões gengivais como aqueles que não tiveram a posição da margem gengival alterada 
não diferiram entre si quanto à quantidade de gengiva ceratinizada inicial (3,00 ± 0,61 
e 3,5 ± 0,86 mm, respectivamente). Contraditoriamente, dentes que apresentaram migra-
ção coronal da gengiva tinham uma quantidade menor de gengiva ceratinizada inicial 
(2,26 ± 0,31 mm). A quantidade média de gengiva ceratinizada inicial não predispôs a 
recessões gengivais de incisivos e caninos inferiores. 
Descritores: Ortodontia; Retração gengival; Gengiva. 
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Introduction
The need for a supposedly adequate zone of ke-

ratinized gingiva before tooth movement is a con-
troversal subject in the orthodontic and periodontic 
literature.10,14,30 It has been suggested that a certain am-
mount of attached gingiva is necessary for the mainte-
nance of the integrity of the dento-gingival junction. 
The amount of attached gingiva – if any – required to 
minimize the occurrence or progression of gingival re-
cessions, however, has never been established.11,24

The observations of Lang, Löe16 (1972) suggest 
that at least 2 mm of keratinized gingiva, corre-
sponding to approximately 1 mm of attached gin-
giva, is recommended in order to maintain gingi-
val health. This affirmation has been questioned in 
more recent studies.8,10,30 According to these studies, 
less than 1 mm of keratinized/attached gingiva may 
also be compatible with gingival health. Coatoam 
et al.7 (1981) found that teeth with minimal widths 
of keratinized gingiva (less than 2 mm) could with-
stand orthodontic forces. 

Some authors recommend mucogingival surgery, 
as a preventive measure to avoid the development 
or progression of gingival recession in cases that 
have a thin keratinized gingiva.13,17 However, some 
reports emphasize that the absence of keratinized 
gingiva alone is not an indication for a surgical pro-
cedure.11,14  Ngan et al.21 (1991) found that placing 
a free gingival graft prior to orthodontic treatment 
had no effect on the extent of the improvement of 
gingival architecture occurring during treatment.

Some cross sectional studies in children, adoles-
cents and adults demonstrate that the width of kera-
tinized gingiva increases with age.5,28 Different stud-
ies, on the other hand, did not observe any increase 
in the width of attached gingiva from the deciduous 
to the permanent dentitions.6,26 Bimstein, Eidelman5 
(1988) found that the attached gingiva tends to be 
narrower in the permanent dentition when com-
pared to the primary dentition. 

The absence of keratinized gingiva alone is not 
an indication for a periodontal surgical procedure. 
However, if recession increases during orthodontic 
treatment, then a gingival graft may be indicated. 
Orthodontic therapy where excessive gingival reces-
sion is present may be the indicated treatment.20 

In a 10-year longitudinal study of untreated 
mucogingival defects, it was concluded that in the 
absence of gingival inflammation, areas with small 
amounts of keratinized gingiva may remain stable 
over long periods of time.12

In another longitudinal study in children, And-
lin-Sobocki2 (1993) found that the increase of gin-
gival width was greatest for sites with the smallest 
baseline widths of attached gingiva, and smallest 
for sites with the greatest baseline width. The au-
thor also observed that when the teeth were moved 
lingually, the gingival width increased and the clini-
cal crown height decreased. In teeth moving facially, 
the gingival width decreased, and the facial gingiva 
sometimes receded.3 

In a study with a sample of completed orthodon-
tic cases, it was found that 1.3% of the patients 
showed a decrease in the width of keratinized gingi-
va because of either minimal lingual or labial move-
ment of the mandibular incisors, whereas 0.69% 
had an increase in keratinized gingival width subse-
quent to lingual positioning of the incisors.10

Other factors may contribute to the develop-
ment of recessions: difficulty in plaque control due 
to fixed orthodontic accessories, coronally attached 
frena and muscle attachments, abnormal tooth posi-
tion, placement of artificial crowns, transverse ex-
pansion, proclination of teeth, fenestration or bony 
dehiscence.15,17,19,29 

Wennström30 (1990) stated that the thickness 
of the soft tissue is more important than its qual-
ity. Therefore tooth movement, especially in the 
labial-lingual direction, should be preceded by 
careful examination of the dimensions of the tis-
sues covering the pressure side of the teeth to be 
moved. 

The aim of the present retrospective study was to 
associate the amount of pre-orthodontic treatment 
keratinized gingiva to the development of gingival 
recessions in adolescents submitted to orthodontic 
therapy.

Material and Methods
Subjects

The sample consisted of records containing in-
tra-oral photographs and orthodontic study models 
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from 209 Caucasian adolescents (118 female and 
91 male) pre- and post-orthodontic treatment. The 
patients presented initial mean ± SD age values of 
11.20 ± 1.83 years and final mean ± SD age values 
of 14.7 ± 1.8 years. The mean active treatment time 
was 1.99 ± 0.89 years. The patients were treated by 
two orthodontists with fixed standard edgewise and 
Roth prescription straight wire appliances. During 
orthodontic treatment, tipping and bodily move-
ment, including torque, of lower incisors and ca-
nines were performed. The final records were taken 
28 days or more after removal of the appliances. 

Inclusion criteria
To be included in the study, patients were either 

Angle Class II or Class I with transverse or vertical 
problems, with spacing or crowding in the lower an-
terior teeth not exceeding 4 mm. Treatment was per-
formed without extractions. Patients needed to have 
all lower incisors totally erupted and with appar-
ent periodontal health. The exclusion criteria were: 
missing or non-erupted lower anterior teeth, Angle 
Class III patients, preexisting systemic diseases or 
medication associated with gingival changes. All pa-
tients in the study received oral hygiene instructions 
right after placement of the orthodontic appliances 
and during orthodontic treatment, as necessary.

Main outcome
The dependent variable of this study was gingi-

val recession, which was evaluated by visual inspec-
tion of the study models and intra-oral photographs 
of the initial and final records of the orthodontically 
treated patients. Gingival recession was recorded 
when the labial cementoenamel junction was ex-
posed or the buccolingual margin was markedly be-
low the marginal level of the adjacent teeth in all 
lower incisors and canines. 

Gingival recession was measured in milimeters at 
the midbuccal aspect of each of the mandibular inci-
sors and canines, as the distance between the gin-
gival margin and the cementoenamel junction. The 
amount of recession was quantified to the nearest 
0.1 mm, using a digital caliper (Mitutoyo Digimat-
ic, Mitutoyo Ltd., UK). Patients’ photographs and 
models were evaluated before and after orthodontic 

treatment and, based on the gingival margin altera-
tions observed, teeth were classified as having an 
unaltered gingival position, coronal migration of 
the gingival margin or apical migration of the gin-
gival margin.

Independent variable
Assessment of keratinized gingival width
The width of the keratinized gingiva was meas-

ured from the mucogingival line to the most api-
cal point of the gingival margin. All measurements 
were made at the midline of the buccal aspect of the 
tooth to the nearest 0.5 mm using a digital caliper 
(Mitutoyo Digimatic, Mitutoyo Ltd., UK).

Error of the method
The reproducibility of the measurements on the 

records was assessed by statistically analyzing the 
differences between double measurements repeated 
on 20 randomly selected study models and photo-
graphs with a one week interval.

Kappa statistics was used to evaluate intra-ex-
aminer agreement of the presence of gingival reces-
sion, and perfect reproducibility was obtained with 
kappa = 1. 

Paired t test and Pearson’s correlation coefficient 
were utilized for assessing the reproducibility of the 
amount of gingival recession and the width of ke-
ratinized gingiva, respectively. For gingival reces-
sions, a p = 0.505 and r = 0.993 were obtained, and 
for the width of keratinized gingiva, p = 0.128 and 
r = 0.922 were achieved. The paired measurement 
differences never exceeded 0.3 mm.

The amount of gingival recession and the width 
of keratinized gingiva were measured in photo-
graphs that did not represent the actual size of the 
variables measured. Thus, after the collection of the 
data, a multiplication factor was established to cal-
culate the actual amount of gingival recession and 
width of keratinized gingiva. The enlargement cor-
rection for the photograph analysis was achieved 
by comparing the crown width of the upper right 
central incisor on the photo with the dimensions of 
the same tooth as recorded on the cast. As described 
by Djeu et al.9 (2002) the following equations were 
then used: 
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Actual recession = (photographic measured recession × 

actual cast crown length) / photographic measured crown 

length

Actual width of keratinized gingiva = (photographic 

width of keratinized gingiva × actual cast crown length) / 

photographic measured crown length

Statistical analysis
Data were analyzed using the SPSS (Statistical 

Package for Social Sciences, Inc., Chicago, Ill, USA). 
Tooth level analyses were performed. Differences 
between gingival margin alterations were tested by 
One-way Analysis of Variance, complemented by 
Tukey Multiple comparison test. Statistically signifi-
cant differences were considered when p < 0.05.

Results
The initial amount of keratinized gingiva on the 

sites where a coronal gingival margin migration was 
detected were statistically smaller than in the cases 
that had an unaltered gingival position or apical gin-
gival migration. The teeth that developed gingival 
recession and those that did not have their gingival 
margin position changed did not differ in relation to 
the initial amount of keratinized gingiva. (Table 1)

In Table 2, a summary of the Analysis of Vari-
ance of the data shown in Table 1 is presented. It 
can be observed that a statistically significant dif-
ference could be detected, confirming that the mean 
amount of keratinized gingiva pre-orthodontic 
treatment in the group where the gingival position 
presented coronal migration was smaller than in the 
groups where the gingival position was either unal-
tered or presented recession.

Discussion
The present retrospective study assessed the 

amount of keratinized gingiva pre-orthodontic 
treatment as related to gingival margin alterations. 
In a previous study, the width of keratinized gingiva 
was measured in patients before orthodontic thera-
py and ranged from 0 to 8.0 mm; after orthodontic 
treatment, it ranged from 0 to 7.7 mm.7

It has been demonstrated that, although the at-
tached gingiva tends to increase post-eruption, the 
width of the keratinized gingiva remains relatively 
stable after the time the tooth breaks through the 
mucosa.25,26 

Rose, App22 (1973) stated that, as the child pro-
gresses from the deciduous to the permanent denti-
tion, there is an increase in the mean width of at-
tached gingiva. If these earlier findings were absolute, 
the problem of a so called inadequate attached gingi-
va would hardly ever occur in adults. However, these 
studies were conducted in patients at various ages and 
did not have a longitudinal design. Part of the difficul-
ties involved in such studies is the manner of assess-
ing gingival width as well as recession. A few studies 
have reported reproducibility for the width of the ke-
ratinized gingiva, but all have used different methods 
of describing it: Artun, Krogstad4 (1987) give a Dahl-
berg error of 0.11 mm for intra-examiner agreement, 
with no discrepancy between recordings greater than 
1 mm; Andlin-Sobocki2 (1993) showed kappa statis-
tics of 0.62 and 0.55 for inter-examiner agreement, 
and Andlin-Sobocki, Bodin3 (1993) found a total 
agreement in 80% of the double measurements, with 
95% within 0.5 mm and all within 1 mm. Based on 
the results described above, the results from gingival 
recession studies should be seen with caution due to 
some measurement errors involved.17

Table 2 - Analysis of Variance, complemented by Tukey test, 
concerning the classification of the gingival margin altera-
tions and the pre-treatment amount of keratinized gingiva.

Variation cause 
Degrees of  
freedom

Sum of 
squares

F p

Classification 2 6.34 4.43 0.012

Experimental error 1,071 766.15

Total 1,073 772.49

Table 1 - Initial amount (mm) of keratinized gingiva and 
gingival margin position – Tooth level analysis.

Classification
Initial amount of keratinized gingiva 

Mean SD

Coronal gingival migration 2.26 A 0.31

Unaltered gingival position 3.50 B 0.86

Apical gingival migration 3.00 B 0.61

Means followed by distinct characters (A or B) are statistically different 
according to the Analysis of Variance complemented by Tukey Multiple 
comparison test at a .05 level of confidence. 
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The majority of studies that evaluated gingi-
val recession have used the clinical crown length 
in the models to access the amount of gingival re-
cession.4,9,23 In this study, since the clinical crown 
length might have been changed during the period 
of treatment, the measurements were performed di-
rectly on the gingival margin in the photographs, as 
described by Allais and Melsen.1,18 Moreover, the 
reproducibility of our measurements was reported 
and considered adequate.

Some studies demonstrate that individual be-
havioral factors such as oral hygiene control and 
gingival biotype, among others, may contribute or 
predispose to gingival recession.18,30 Since this is 
a retrospective study, these variables could not be 
controlled. Measurements of Plaque Index, Probing 
Depth, Buccolingual amount of gingival tissue and 
type of orthodontic movement were not assessed in 
the present study due to the characteristics of the 
sample studied. Oral hygiene instructions were giv-
en as necessary and the included patients presented 
apparent gingival health. 

The validity of using orthodontic records for 
measuring attached gingiva has been questioned.9 
Trentini et al.27 (1995) demonstrated the validity 
of using photographs and study casts to accurately 
measure the width of keratinized tissue.

According to Coatoam et al.7 (1981), the great-
est loss in width of keratinized gingiva following 
orthodontic treatment occurred in lateral incisors. It 
was suggested in a former study that teeth that are 
lingually displaced often had the greatest width of 
keratinized gingiva and, once the tooth is brought 
into proper alignment with orthodontic therapy, the 
result is a decrease in this width.22 

No reference was made to the specific tooth 
movement that was performed throughout the ortho
dontic period of treatment of the subjects in this 
study. However, in a recent study with an adult sam-
ple, the direction of tooth movement was not statis-
tically related to the development or aggravation of 
gingival recession.1

The results of the present study are surprising 
in view of the established paradigm according to 
which the smaller the keratinized gingival dimen-
sions, the more prompt teeth would be to gingi-
val recessions. However, it should be taken into 
consideration that teeth that are orthodontically 
moved might be in a final position which allows a 
different gingival architecture. A normal amount 
of keratinized gingiva cannot be established, since 
this varies intra- and inter-individually. Under-
standing these findings is a challenge, but one 
could suppose that tooth movement could even 
permit a better gingival margin position, thus 
contradicting the need for pre-treatment gingival 
augmentation. Plaque accumulation and gingivi-
tis, extrusive movements as well as buccolingual 
gingival dimensions could also account for these 
changes.

It should also be considered that orthodontic re-
alignment might be an interesting factor related to 
gingival margin position. 

Conclusions
In summary, considering its strengths and limi-

tations, the findings of this study may lead to the 
conclusion that the mean amount of keratinized gin-
giva did not predispose lower incisors and canines 
to gingival recession.
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