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midline diastema closure is limited'” and

ocuses on stability following a posttreatment
surgical adjunct, such as frenectomy. However,
anecdotal reports and at least one study” indicate
that relapse may be a major problem, especially
following closure of diastemas that persist after
the eruption of permanent canines. To minimize
relapse, permanent retention in the form of
bonded wires, restorative options, and even
small powerful magnets bonded to the mesio-
palatal surfaces of central incisors has been pro-
posed.®1?

Varying incidence of maxillary midline di-
astema in the permanent dentition, from 1.6% to
25.4%, has been reported. This wide variation is
probably due to the operational definition of “di-

I(nformation on stability following maxillary

astema,” inclusion criteria, and the type of popu-
lation studied.®®* However, investigators agree
on the potential for closure with eruption of the
permanent maxillary canines.’*'? Some have
suggested that occlusal factors such as deep over-
bite, displaced teeth, and maxillary tooth struc-
ture deficiencies may be associated with a
persistent diastema.”® An association may also
exist between generalized spacing and the pres-
ence of a median diastema.”?? Statements per-
taining to “abnormal” frenum and alveolar cleft
as an etiologic factor for persistent diastema are
mainly speculative in nature, or based on case
reports.*42%-231 However, Edwards! found a
strong correlation between an abnormal frenum
and a vertical osseous cleft, and the presence of
a median diastema. Popovich,® on the other
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proclination of the maxillary incisors (p<0.01).
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The purpose of this study was to assess postretention stability of maxillary midline diastema closure, to search for
predictors of relapse, and to test for associations between relapse and other postretention changes. The sample consisted
of 35 patients with pretreatment diastemas ranging from 0.9 mm to 3.0 mm (mean 1.4, SD = 0.5) following eruption of the
maxillary canines. Data were gathered from treatment charts, study models, periapical radiographs, and cephalograms
taken pretreatment, posttreatment, and 1 to 26 years postretention (mean 11.4, SD = 6.4). Measurable diastema relapse
was observed in only 12 cases. The majority of the relapse was 0.6 mm or less, and maximum relapse was 3.0 mm.
Abnormal frenums and/or intermaxillary osseous clefts did not appear to be risk factors for relapse, and no pretreatment
predictors of relapse could be established. The only posttreatment change associated with diastema relapse was
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Table 1

Variables measured on study models and radiographs made
before treatment (T1), after treatment (T2), and a mean period of
11.4 years postretention (T3), collected from records of 35 pa-

tients presenting with a maxillary median diastema

Variable

Time periods measured

*

*

*

Diastema width (mm)

Overbite (mm)

Overjet (mm)

Bolton index

Incisal to gingival width ratio of max. central incisor
Generalized maxillary anterior spacing (yes/no)
Maxillary incisor to SN (degrees)

Root paralielism of max. central incisors (parallel,
converge, diverge)

Maxillary labial frenum (normal/abnormai)
Intermaxillary osseous cleft (present/absent)
Adjunctive surgical procedures (yes/no)
Treatment time (years)

Retention time (years)

Postretention time (years)

* Variables included in regression analysis

T1,T2, T3
T1, T2, T3
T1, T2, T3
T1, T2
T1, T2
T1, T3
T1, T2, T3

T1,T2, T3
T1,T2
T1, T2

T2

T2

T3

T3
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hand, found no such relationship. Also, a longi-
tudinal evaluation of a group of 9-year-olds with
abnormal frenums revealed no differences in
spontaneous diastema closure between sub-
groups with and without frenectomy.®

Few studies have looked at the stability of di-
astema closure, and information is limited re-
garding diastema relapse as a truly multifactorial
event. The purpose of this study was to assess a
sample at least 1 year out of retention in order
to evaluate the frequency and amount of relapse,
to identify predictors for relapse, and to search
for any associations between relapse and
postretention changes.

Materials and methods
Sample

Study models, charts, cephalograms, and
periapical radiographs made before treatment
(T1), after treatment (12), and a minimum of 1
year postretention (T3) of adolescent patients
treated by faculty members and/or graduate stu-
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dents in the orthodontic department at the Uni-
versity of Washington were examined. Sample
criteria were limited to patients presenting with
a maxillary midline diastema greater than or
equal to 0.9 mm after the maxillary permanent
canines were at least half erupted. Occlusal sta-
tus at T3 or cephalometric characteristics were
not considered in the sample selection. Patients
with prior orthodontic treatment to close the di-
astema, midline pathology, mesiodens, missing
anterior teeth, generalized microdontia, severe
periodontal disease, and postorthodontic resto-
ration of maxillary anterior teeth resulting in an
increase in mesiodistal width were excluded. A
total of 35 patients aged 9.1 to 15.4 years at T1
(mean 12.8 years, SD = 1.4 years), with a di-
astema of 0.9 to 3.5 mm at T1 (mean 1.4 mm, SD
= 0.5 mm), treated for 1.2 to 4.4 years (mean 2.3
years, SD = 0.8 years), and who were 1.0 to 26.0
years out of retention (mean 11.4 years, SD = 6.4
years) were included in the study.

Records were analyzed in a random fashion
using numerical codes for identification. All
quantitative measurements were done by the
principal investigator. Subjective determinations
were made by the principal investigator and two
University of Washington orthodontic faculty
members. All three members of the panel were
required to be in agreement on each subjective
determination. The variables measured are pre-
sented in Table 1.

Examination of study models

Maxillary midline diastemas were measured in
the following manner: Impression putty was in-
jected between and around the central incisors.
After setting, the impression of the diastema was
measured with stainless steel calipers (Iwanson,
Sweden) at the narrowest portion, to the nearest
0.1 mm. Overbite was measured as the amount
of vertical overlap of the maxillary central inci-
sors over the mandibular central incisors, and
overjet as the distance along the occlusal plane
from the labial surface of the mandibular central
incisors to the labial aspect of the mesial maxil-
lary central incisal edges. The right and left mea-
surements were averaged in situations with
discrepancy. The measurements were made with
a Union Broach stainless steel endodontic ruler
to the nearest 0.5 mm. Tooth width was mea-
sured as the distance between the mesial and dis-
tal anatomic contact point of maxillary and
mandibular incisors and canines, to the nearest
0.5 mm using a stainless steel bow divider. The
width of the maxillary central incisors was also
measured at the level of the interdental papillae.
Generalized anterior spacing was judged subjec-



Figure 1C

Figure 2A

tively as present or absent, evaluating each proxi-
mal contact from the mesial of the maxillary right
canine to the mesial of the maxillary left canine.
Frenum type was judged subjectively as “nor-
mal” or “abnormal” from study models taken at
T1 and T2. An “abnormal” score was given to a
frenum that exhibited excessive thickness, an al-
veolar attatchment between the maxillary central
incisors, and apparent continuity with a large
incisive papilla (Figure 1A-B). The T1 and T2
models were scored at the same time, and if one
model showed signs of abrasion or distortion of
the frenum, both frenums were scored accord-
ing to the most accurate model. Borderline cases
were scored as “normal.” One patient with an
“abnormal” frenum at T1 had a frenectomy at T2.
For this patient the T1 frenum score was adjusted
to “normal” prior to being entered into the re-
gression model.

Postretention study of maxillary median diastema

Figure 1B

Figure 2B

Radiographic examination

Maxillary incisor inclination was measured in
angular relation to sella-nasion line (SN) on
cephalograms. An intermaxillary osseous cleft
was scored subjectively as present or absent
based on periapical radiographs taken at T1 and
T2. A cleft was scored if a V-shaped radiolucency
was present in the crestal bone between the max-
illary central incisors, extending from the
intermaxillary suture (Figure 2A). A parallel
radiolucency was considered a continuation of
the intermaxillary suture and not scored as a cleft
(Figure 2B). The T1 and T2 radiographs were
scored simultaneously to avoid errors due to dif-
ferences in radiographic projection. A cleft that
was evident at one time period was scored as
present at the other time period, even if the ra-
diographic presence of the cleft was questionable
at that time period. Borderline cases were scored
as “no cleft.” Maxillary central incisor root par-
allelism was judged from periapical or pan-
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Figure 1A-D

Study model analysis of
normal versus abnor-
mal frenum. Note the
presence ofaprominent
incisive papilla and ap-
parent continuity with
theabnormal frenum,as
compared with the nor-
mal frenum.

A-B: Thick, abnormal
frenuminsertinglowon
thealveolus, with promi-
nent incisive papilla.
C-D: Thin, normal fre-
num inserting well
abovethealveolarcrest,
with lack of prominent
incisive papilla.

Figure 2

Radiographic interpre-
tation of presence or ab-
sence of osseous cleft
between maxillary cen-
tral incisors.

A: Cleft-definite V-
shaped notch in alveo-
lar bone.

B: No cleft-some linear
radiolucency but no
definite notch.
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Figure 3

Examples of cases with
postretentionre-open-
ing of median di-
astema.

A. 0.1 mm relapse

B. 0.6 mm relapse

C. 1.3 mm relapse

D. 3.0 mm relapse

Figure 3C

oramic radiographs taken at T1, T2, and T3. The
roots were scored subjectively as parallel, con-
vergent, or divergent at each time period.
Examination of charts

Treatment and retention time, and time out of
retention were determined from notes in the
charts. Performance of surgical procedures at T2
was based on notes and correspondence in the
charts.

Error of the method

The reproducibility of the linear and angular
measurements was assessed by statistically ana-
lyzing the difference between double measure-
ments taken at least 1 week apart on records of
one-third of the sample, selected at random. The
measurement error was calculated from the
equation:

Sx = square root of £ D?/2N

where D is the difference between duplicated
measurements and N is the number of double
measurements.’ The errors for the study model
measurements were 0.27 mm for overbite, 0.30
mm for overjet, and 0.13 mm for diastema width.
The error for maxillary incisor inclination to SN
was 1.62 degrees.

The reproducibility of the subjective scorings
was determined by re-evaluating one-third of the
sample 1 week after the first scoring. No differ-
ences were found between the first and second
scoring.

Data analysis

Means and standard deviations were calculated

for each of the parameters at the different time
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Figure 3D

intervals. In addition, changes in measurements
from T1 to T2, and T2 to T3 were calculated.
Bolton index was based on the tooth width mea-
surements and determined according to a re-
vised Bolton analysis chart. A maxillary
deficiency index above 1.65 (the standard devia-
tion of the Bolton study®) was recorded as “sig-
nificant.” In addition, an index of incisal to
gingival width was calculated for the maxillary
central incisors. Finally, variables recorded from
the charts, study models, and radiographs (Table
1) were entered into a stepwise backward mul-
tiple regression model. With this procedure, vari-
ables were successively eliminated from the
model if their effects were not significant at level
0.15.% This approach was used to investigate as-
sociations between the independent variables
and relapse of median diastema.

Results
Changes from T2 to T3

The amount of postretention relapse of maxil-
lary median diastema was small (Table 2).
Twelve patients (34%) had measurable relapse.
Relapse of 0.1 to 0.3 mm was seen in 6 subjects
(17%, Figure 3A), 0.4 to 0.6 mm in 3 individuals
(9%, Figure 3B), 1.0 to 1.6 mm in 2 others (6%,
Figure 3C), and 1 patient had relapse of 3 mm
(Figure 3D). Mean relapse was found to be 0.3
mm, while mode and median were each 0.0 mm.
Of the 13 subjects judged to have an abnormal
frenum at T1, 3 had measurable relapse of me-
dian diastema. Of the 14 patients with an
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Table 2
Mean measurements of study models and cephalograms made before treatment (T1),
after treatment (T2), and a mean period of 11.4 years postretention (T3) in 35 patients
presenting with maxillary median diastema

. m _ T2 T3
X Sb X SD X SD
Diastema width (mm) 14 0.5 0.0 0.1 0.3 0.6
Overbite (mm) 3.9 1.2 24 0.9 3.3 1.3
Overjet (mm) 8.7 3.1 2.6 0.7 3.0 0.8
Maxillary incisor
to SN (degrees) 112.1 8.4 98.2 7.5 99.1 7.5

intermaxillary osseous cleft at T1, 4 had measur-
able relapse, and of the 7 subjects judged to have
a combination of abnormal frenum and osseous
cleft, only 1 showed relapse of median diastema.
Changes in median diastema from T2 to T3
versus T1 variables

Bolton index was found to be significant in only
2 subjects, maxillary central incisor roots were
judged to be parallel in all but 2 patients, and
incisal to gingival crown width was found to be
approximately 1:1 in all patients. Accordingly,
these variables were eliminated from the regres-
sion model. Frenectomy was also excluded from
the model because only 5 patients had
frenectomy performed posttreatment, 2 of which
were combined with circumferential supracrestal
fiberotomy of the maxillary incisors. Of these 5
subjects, 4 were judged to have normal frenums
at T1. Additionally, 8 cases had missing data in
that category. Of the 7 remaining pretreatment
variables (Table 1), none were found to be asso-
ciated with diastema relapse, including initial
diastema width.
Change in median diastema from T2 to T3
versus other postretention changes

The dichotomous variables (Table 1) showed no
changes from T2 to T3 and were eliminated from
the model. Of the remaining variables, only
change in maxillary incisor inclination was found
to be associated with diastema relapse (regres-
sion coefficient 0.04, standardized regression co-
efficient 0.51, standard error of regression
coefficient 0.01, p<0.01). As the incisors

proclined, the magnitude of diastema relapse
increased.

Discussion

The results suggest that approximately two-
thirds of the diastema closures are stable
postretention, and that relapse of more than 0.6
mm is rare. However, our sample may not be
representative of the population presenting with
a median diastema and therefore may not be
suitable for generalizations. Patients who con-
sider a median diastema unesthetic may seek
retreatment if relapse occurs, and comply with
permanent retention measures to avoid repeated
relapse. Also, patients considered at risk due to
repeated space reopening during active treat-
ment, or who show signs of relapse early in re-
tention may be followed more closely and may
also be more likely to accept permanent reten-
tion measures. Neither category would meet our
inclusion criteria. Another possible bias is that
patients with a favorable long-term outcome may
be more likely to participate in a follow-up ex-
amination than patients with severe relapse. Ac-
cordingly, our sample may have an
overrepresentation of patients who are indiffer-
ent to relapse, as well as patients whose relapse
was too small to be considered significant. How-
ever, regardless of these shortcomings, the re-
sults may be interpreted as a contradiction to the
general clinical impression that maxillary mid-
line diastemas show a high rate of relapse
postretention.
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With differing results, Edwards’ reported re-
lapse of 0.5 mm or more in 84% of a sample of
162 patients during the first 3 months
postretention. As many as 33 patients relapsed
more than 1.5 mm. However, Edwards’ sample
differed significantly from ours in severity of
pretreatment diastema. He included only sub-
jects with diastemas wider than 2 mm, and the
mean of his sample was 3.2 mm. Our inclusion
criteria was only 0.9 mm, with a mean of 1.4 mm.
Furthermore, Edwards observed relapse imme-
diately postretention, while the follow-up period
in our sample was on average 11.4 years
postretention. It cannot be ruled out that imme-
diate postretention relapse of median diastema
decreases over time in a fashion similar to that
documented for extraction sites.*%

The only postretention change that demon-
strated an association with diastema relapse in
our sample was maxillary incisor inclination,
with increased tendency for relapse as the inci-
sors proclined. However, with the exception of
one patient, the space opening was limited to the
area between the central incisors. In other words,
generalized anterior spacing did not tend to re-
cur. Incisor inclination may be associated with
relapse of overjet.¥ However, we could not dem-
onstrate a similar association between diastema
relapse and change in overjet. Of the 12 cases that
relapsed, 5 showed an increase in maxillary in-
cisor proclination. In these patients overjet either
decreased or remained unchanged. Possible ex-
planations for this unusual result may be a
concommitant increase in mandibular incisor
proclination, as may be seen with a forward
tongue posture, or a relative increase in man-

Vol. 66 No.2 1996

dibular prognathism, neither of which were mea-
sured in our sample.

Some investigators have suggested that an in-
crease in overbite may contribute to median di-
astema.?®® We could not confirm that
hypothesis. However, our sample may not be
considered suitable to test such associations, as
the mean postretention change in overbite was
only 0.9 mm (Table 2). Among the 12 cases that
relapsed, 8 showed either an increase in overbite
of only 0.5 mm, no change in overbite, or a de-
crease in overbite postretention.

No pretreatment variable in our study could be
considered a risk factor for diastema relapse. We
could not confirm the freqently suggested hy-
pothesis®of an association between the presence
of a maxillary midline alveolar bony cleft or
“notch” and diastema relapse. Neither could we
confirm Edwards’ findings of a high frequency
of relapse in cases judged to have abnormal fre-
nums. However, it should be stressed that
Edwards evaluated frenum appearance from
intraoral photographs, while we used study
models.

Frenectomy was confirmed in only 1 of 10
stable cases among the 13 judged to have abnor-
mal frenums in our sample. Only 2 of the 8 cases
with missing data on frenectomy belonged to
that category of stable cases. Such data suggest
limited significance of frenectomy as a measure
to enhance postretention stability of cases with
relatively small pretreatment distemas. Edwards
concluded a dramatic reduction in relapse of me-
dian diastema closure following retreatment and
frenectomy.! However, no long-term examina-
tion was performed, and any effect of the



retreatment itself on the outcome was not con-
trolled for. Miller's? finding of only 3 subjects
with postretention relapse following frenectomy
and orthodontic closure of median diastema in
27 patients is also difficult to interpret, since no
control group was included. His results may sim-
ply support our finding that the incidence of re-
lapse is low. In addition, the indications for
frenectomy procedures seem unclear. In our
sample, 4 of the 5 patients who had the proce-
dure performed were judged to have normal fre-
nums prior to frenectomy.

Our method of assessing frenum anatomy from
the study models may be considered question-
able. A frenum on a study model may easily be
distorted during the fabrication process, and
even abraded from the finished model. Accord-
ingly, we may have underscored the presence of
abnormal frenum in our sample. However, a
thick abnormal frenum is more likely to be ac-
curately reproduced than one that is thin and
normal. Previous investigators!*® have also
pointed out the difficulties associated with an
objective evaluation of the frenum, even under
good clinical conditions. The validity of our
scorings of frenum anatomy as well as appear-
ance of the intermaxillary suture may have im-
proved by evaluating pre- and posttreatment
records simultaneously. However, the scoring of
borderline structures as “normal” may have
tended to underestimate the possible effects of
these variables on diastema relapse. Another
problem is that the retrospective nature of this
study precluded collection of information on oc-
clusal function. Heavy function in the anterior
segment and fremitus may cause a diastema to
reopen.

Postretention study of maxillary median diastema

Conclusions

The results suggest that the postretention sta-
bility of orthodontic closure of a diastema may
be better than previously reported. However, our
sample may have an overrepresentation of pa-
tients who were indifferent to the relapse of me-
dian diastema, or patients in whom the relapse
was too small to be considered significant. For
these reasons our data may not allow generali-
zations regarding frequency and severity of re-
lapse.

The presence of an abnormal frenum or an
intermaxillary osseous cleft appears to be of mi-
nor significance for long-term stability in cases
with a relatively small diastema pretreatment,
and no predictors for relapse could be estab-
lished. The only posttreatment change associated
with diastema relapse was an increase in maxil-
lary incisor proclination.
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