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fter teeth have been orthodontically re-
Apositioned, retention devices are used to
maintain arch form and minimize the
tendency of teeth to shift."* When teeth do shift,
changes that are undesirable are considered “re-
lapse,” while changes that are desirable are
called “settling.” With settling, the number of
occlusal contacts (once the fixed appliances are
removed) increases, improving the fit of the
teeth. The best retention device would be one
that allows settling but prevents relapse.
Commonly prescribed retainers include the
Hawley, wrap, fixed, clear overlay, and tooth
positioners. The designs of these retainers differ,
particularly the extent of the retainer-tooth con-
tacts. For example, the Hawley retainer fits
against the lingual, and in some cases, the facial
surfaces of the teeth, while the clear overlay re-

tainer covers most of the coronal surfaces. Due
to these contrasts in retainer design, characteris-
tic differences in tooth position following their
use would be anticipated.

The design of the Hawley retainer has re-
mained largely unchanged since its introduction
in the early part of this century. The original
method of fabrication used lingual and palatal
plates made of vulcanized rubber that were ac-
curately adapted to the lingual surfaces of the
teeth, and a labial wire with adjustment loops at
the canines.’ Today, acrylic has replaced the
rubber.

The clear overlay retainer, as described by
Ponitz in 1971, is made of thin (0.025 inch),
vacuum-formed thermoplastic material that
adapts closely to the lingual, facial, and occlusal
surfaces of the teeth.” Use of the clear overlay
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Following orthodontic treatment, an increase in the number of occlusal contacts is usually desired during retention. In this
study, Hawley and clear overlay orthodontic retainers were compared relative to changes in the number of occlusal contacts.
Occlusal contacts were quantified in 30 orthodontic patients at debonding, at retainer delivery, and after 3 months of retention.
The paired t-test was applied to evaluate longitudinal changes in the number and intensity of contacts. Results show that
with the Hawley retainer there was a significant increase in occlusal contacts on posterior teeth and no change on anterior
teeth. With the clear overlay retainer there was no significant change in either posterior or anterior contacts during retention.
The retentive capacities of the two retainers differ: the Hawley retainer allows relative vertical movement (settling) of the
posterior teeth while the clear overlay retainer holds teeth in their debanding position.

Orthodontic retention * Hawley retainer » Clear overlay retainer * Bite registration * Occlusal contacts

Submitted: November 1995 Revised and accepted: April 1996

Angle Orthod 1997; 67(3):223-230.

The Angle Orthodontist

Vol. 67 No. 3 1997

223



Sauget; Covell; Boero; Lieber

Figure 2

Figure 1

A-B: Maxillary Hawley
retainer withthe acrylic
plate in contact with
the palatal tooth sur-
faces and the labial
bow in contact with the
anterior teeth.

C-D: Clear overlay re-
tainer in contact with
palatal, facial and oc-
clusal tooth surfaces.

Figure 2

A: Vinyl polysiloxane
bite registration with
backlighting to demon-
strate occlusal con-
tacts.

B: Higher magnifica-
tion of first molar con-
tacts in a different reg-
istration demonstrat-
ing true contacts (T)
and near contacts (N).
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retainer has increased since its introduction, but
studies on its effects are scarce. In a recent pre-
liminary report, Tibbetts compared Hawley re-
tainers, clear overlay retainers, and tooth
positioners by analyzing dental casts at
debonding and after a 6-month retention period.®
The results showed no statistically significant
differences in Angle molar classification, over-
bite, overjet, maxillary or mandibular intercanine
width, intermolar width, or arch length.

The aim of the present study was to use
changes in occlusal contacts for comparing the
retention characteristics of the Hawley and clear
overlay retainers. Occlusal contacts between the
maxillary and mandibular teeth were statistically
compared at debanding, when retainers were de-
livered, and after 3 months of retention.

Materials and methods
Sample characteristics

At the completion of full orthodontic treatment,
30 consecutive patients from the Orthodontic
Clinic at the University of the Pacific School of
Dentistry were prescribed, alternately, Hawley
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retainers or clear overlay retainers. Thirteen pa-
tients (8 females, 5 males) received maxillary and
mandibular Hawley retainers. Two patients
(both female) received maxillary Hawley retain-
ers with mandibular fixed lingual retainers. Fif-
teen patients (9 females, 6 males) received
maxillary and mandibular clear overlay retain-
ers. All patients had been in orthodontic treat-
ment for at least 18 months.

The Hawley retainer sample contained 5 pa-
tients who had premolar extractions, § patients
who were treated without extractions, and 2 pa-
tients with congenitally missing maxillary lateral
incisors. Their mean age was 18 years 8 months
(range: 13 years 11 months to 35 years 10
months). The clear overlay retainer sample in-
cluded 6 patients with premolar extractions, 8
who were treated nonextraction, and 1 with
missing maxillary lateral incisors. The mean age
was 19 years 6 months (range: 13 years 9 months
to 42 years 2 months).

Retainers

Immediately following removal of the fixed
appliances, alginate impressions were made and
poured to obtain models of the maxillary and
mandibular arches. One week later the retainers
were delivered. At delivery, the Hawley appli-
ances were adjusted so the labial bow made uni-
form, passive contact with each anterior tooth
(Figure 1). The mandibular incisors were in light
contact with the acrylic, lingual to the maxillary
incisors, when the posterior teeth were in maxi-
mum intercuspation. The clear overlay retainers
were fabricated from 0.025 inch thermoplastic
(Tru-Tain; Rochester, Minn) vacuum-heat
adapted to dry models. The facial surfaces of the
retainers were trimmed to cover the incisal one-
third of the incisors and to extend 3 mm beyond
the gingival margin posteriorly (Figure 1). Oc-
clusal coverage extended distally to cover ap-
proximately the mesial half of the maxillary and
mandibular second molars.

Patients receiving Hawley retainers were in~
structed to wear them full-time, except during
meals. Those prescribed clear overlay retainers
were instructed to wear their retainers full-time
for the first three days (except during meals), and
nightly thereafter.

Bite registrations

Vinyl polysiloxane impression material (Regisil
PB; Caulk-Dentsply, Milford, Del) was used to
record the occlusal contacts. Patients were seated
upright in a dental chair and the registration
material was applied over the occlusal surfaces
of the mandibular teeth. The patient was told to
bite firmly in maximum intercuspation (see pre-
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Table 1
Hawley retainer group. Means and standard deviations of occlusal contacts at debonding, retainer delivery, and
after 3 months retention. Statistical comparison by paired t-test
T1 T2 T3
Mean S.D. Mean S.D. Mean S.D. P(T1-T2) P (T2-T3) P (T1-T3)
Total contacts 34.33 10.45 40.40 9.79 4573 11.76 NS NS <0.01
True 15.60 5.82 17.87 4.91 20.20 6.39 NS NS <0.05
Near 18.73 6.95 22,53 7.24 25,53 7.95 NS NS <0.05
Anterior contacts 9.07 483 9.60 4.36 9.80 3.88 NS NS NS
True 4.67 3.27 3.80 2.86 3.80 2.46 NS NS NS
Near 4.40 2.32 5.80 2.88 6.00 2.73 NS NS NS
Posterior contacts 25.27 8.49 30.80 8.91 3593 11.57 NS NS <0.01
True 10.93 3.99 14.07 3.95 16.40 5.64 <0.05 NS <0.01
Near 14.33 6.48 16.73 6.96 19.563 7.83 NS NS NS
vious studies.**) A second bite registration was 5
made within 15 minutes to test the reproducibil- using Dahlberg’s formula':Sx = ’ 2D where
ity. The two bite registrations were examined on 2N
a light box and contacts (appearing as transpar- D is the difference between duplicated measure-
encies in the material, see Figure 2) were com- ments and n is the number of double measure-
pared. If a subjective difference in the pattern of ments. To determine the reliability of the
contacts was observed, another registration was registration technique, pairs of bite registrations
made. In no case was a fourth registration taken at the same sitting were compared.
needed. To objectively analyze the bite registra- Dahlberg’s formula was applied to determine the
tions, each was labelled with a randomized iden- standard error between the two bite registra-
tification code and the registrations intermixed. tions.
For analysis of the occlusal contacts, individual Results
registrations accumulated from multiple patients
Method error
were selected at random. Occlusal contacts were The standard measurement error (Sx) from
evaluated and classified as either true or near ted ;ﬂckn s n:?sas emen irr ¢ the saixc':e brif
contacts (Figure 2). True contacts perforated the ped . ¢ easurements o B ¢
. . - registration was 0.014 mm. Comparison of mea-
impression material; near contacts appeared as ts between paired records mad th
thin translucencies and were counted only if they surements paired recorcs made on the
were 0.20 mm or less as measured with an S2Me day showed an error of 0.018 mm. Thus the
Iwanson caliper. Observing from the maxillary varlétlon found.m. repeated registrations ap-
side, the locations of the contacts were assigned E ;‘oz;mated the limits of the measurement tech-
by tooth and then grouped as either anterior (in- Oq lu‘ 1 contacts at debanding (T1)
cisors and canines) or posterior (premolars, first cctusa’ - ancing .
molars, and second molars). All registrations Bite registrations made for both retainer groups
were ex;aluate dand measureci by the same indi- indicate a wide variation between individuals
vidual Y with regard to the number of total occlusal con-
Error 0' £ method tacts. The Hawley retainers had a mean of 34.3
The registrations were made within 30 minutes occlusal contacts ( 10'45 standard deviation)
of debanding (T1), at the time of retainer deliv- and the clear overlay retainers had a mean of 31.8
4 + . .
ery (T2), and three months later (T3). All regis- (+11.8; see Tables 1, 2.)' Comparing the Haleey
trations were made in the afternoon by the same and clear overlay retainer groups at debanding,
clinician (ES). To test the measurement accurac there were no statistically significant differences
) N Y7 between the mean number of total contacts, true
10 bite registrations were selected at random and . .
the near contacts measured. The same registra- contacts, near contacts, or anterior/ posterior con-
tions were remeasured on a different day. The tacts (Table 3).
standard measurement error (Sx) was calculated
The Angle Orthodontist Vol. 67 No. 3 1997 225
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Table 2

Clear overlay retainer group. Means and standard deviations of occlusal contacts at debonding, retainer delivery, and
after 3 months retention. Statistical comparison by paired t-test

T T2 T3
Mean  S.D. Mean  S.D. Mean S.D. P(T1-T2) P (T2-T3) P (T1-T3)
Total contacts 31.80 11.78 35.67 13.00 36.67 13.65 NS NS NS
True 14.00 6.46 16.13 7.54 15.00 6.59 NS NS NS
Near 17.80 7.49 1953 7.92 21.67 9.31 NS NS NS
Anterior contacts 8.13 3.93 7.93 3.33 8.73 3.15 NS NS NS
True 3.13 2.33 3.33 2.58 3.13 2.29 NS NS NS
Near 5.00 3.57 4.60 2.80 5.60 3.25 ’ NS NS NS
Posterior contacts 23.67 11.34 27.73 12.27 27.93 12.14 NS NS NS
True 10.13  6.32 12.80 7.63 11.93 6.11 NS NS NS
Near 13,53 6.65 1493 7.03 16.00 7.89 NS NS NS
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Occlusal contacts at retainer delivery (T2)

At the time of retainer delivery, T2, there were
no significant differences between the two re-
tainer groups in the average number of each clas-
sification of occlusal contacts (Tables 1, 2). Within
each retainer group there were no significant
changes between T1 and T2 except for an in-
crease in posterior true contacts in the Hawley
group (T1:10.9 + 4.0; T2: 14.1 + 4.0, P<0.05).
Occlusal contacts after 3 months retention
(T3)

At T3 The mean number of posterior true con-
tacts (Hawley: 16.4; clear overlay: 11.9) and the
mean number of total true contacts (Hawley:
20.2; clear overlay: 15.1) were significantly dif-
ferent between the retainer groups (P<0.05; see
Tables 1 and 2). Neither sample showed a sig-
nificant within-group change between T2 and
T3.

In the Hawley group, between T1 and T3, sig-
nificant increases were found in the average
number of total contacts, the mean number of
total true contacts, near contacts, posterior con-
tacts, and posterior true contacts (Table 1). The
average number of posterior near contacts ap-
proached statistical significance (P=0.06). There
were no differences in anterior contacts.

The clear overlay group displayed no signifi-
cant differences in any category between T1 and
T3 (Table 2) .

Comparison of changes between groups

No significant changes occurred between the
two retainer groups from T1 to T2 in any of the
occlusal contact categories (Table 3, Figure 3).

From T2 to T3 the number of total contacts and
posterior contacts increased significantly more in
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the Hawley group than the clear overlay group
(Table 3, Figure 3). There was a small reduction
in the number of true posterior contacts with the
clear overlay retainers. Most of the decrease oc-
curred at the first molars and to a lesser extent
at the first premolars. The mean changes in an-
terior contacts were not significant.

From T1 to T3, the occlusal contact changes in
the Hawley group compared with the clear over-
lay group showed a similar pattern to that found
from T2 to T3 (Table 3, Figure 3).

Discussion

Results from this study show statistically sig-
nificant differences in the number of occlusal
contacts between Hawley and clear overlay re-
tainers. After 3 months of retention with the
Hawley retainers, there was a statistically signifi-
cant increase in the number of total contacts
(P<0.01). In contrast, over the same time period
with the clear overlay retainers, there was no
change in the number of occlusal contacts.

We believe these results are reliable due to a
minimal number of confounders. The two
samples matched favorably for size, age, gender,
and numbers of cases with teeth extracted or
missing. With regard to the methods, the bite
technique for recording occlusal contacts was
highly reproducible. In addition, the method has
been validated in several previous investiga-
tions.*'*®® Finally, because diurnal variation in
occlusal contacts has been reported,' the bite
registrations were made only during the after-
noon.

The number of occlusal contacts at debonding
in both retainer samples was similar to that re-
ported by Radolsky and Sadowsky."” The mean
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Table 3
Comparison of changes in occlusal contacts between Hawley and clear overlay retention groups.
Statistical comparison by paired t-test
T1-T2 T2-T3 T1-T3
Contact Hawley Overlay Hawley Overlay Hawley Overlay
Changes Mean S.D. Mean S.D. P Mean S.D. Mean S.D. Pp Mean S.D. Mean S.D. P
Total 6.07 522 387 475 NS 533 4.03 1.00 6.16 <0.05 1140 458 487 6.35 <0071
True 227 315 273 371 NS 233 415 -1.07 324 <0.05 460 398 167 3.35 <0.05
Near 380 363 113 431 NS 3.00 344 207 559 NS 6.80 459 320 525 NS
Anterior 053 323 -020 186 NS 020 363 080 257 NS 073 337 060 264 NS
True -0.87 247 007 187 NS 0.00 1.96 -020 1.82 NS -0.87 282 -013 2.06 NS
Near 140 285 -027 263 NS 020 3.05 1.00 224 NS 1.60 280 0.73 269 NS
Posterior 553 336 407 451 NS 513 4.87 020 553 <0.05 1066 545 427 505 <0.01
True 313 250 267 297 NS 233 3.37 -0.87 354 <0.05 546 372 1.80 334 <0071
Near 240 184 140 4.03 NS 280 435 107 5.65 NS 520 466 247 3.89 NS
2ndmolars 2.07 222 160 269 NS 126 271 027 276 NS 333 322 187 275 NS
True 1.00 160 107 171 NS 093 191 -013 155 NS 193 263 094 157 NS
Near 107 133 053 220 NS 033 311 040 238 NS 140 316 093 263 NS
1st molars 240 124 140 184 NS 127 175 -060 1.80 <0.01 367 202 0.80 1.78<0.001
True 1.00 139 1.00 131 NS 1.00 2.04 -0.67 232 <0.05 200 217 033 159 <005
Near 140 140 040 135 NS 027 258 007 240 NS 167 266 047 226 NS
2nd premolars0.93 153 040 130 NS 153 113 067 2.16 NS 247 177 107 258 NS
True 0.80 1.01 0.13 125 NS 020 1.08 -0.06 0.70 NS 1.00 120 0.07 122 <005
Near 013 173 027 088 NS 1.33 1.76 0.73 215 NS 147 196 1.00 2.14 NS
istpremolars 0.00 156 122 2141 NS 1.80 199 -0.33 1.00 <0.01 180 187 089 196 NS
True 060 070 033 071 NS 0.00 133 023 1.39 NS 060 117 056 1.13 NS
Near -060 178 089 232 NS 1.80 230 -056 219 <0.05 120 162 033 150 NS
number of total contacts in their study was 36.6  of contacts on individual teeth.
(17.1 near contacts, 19.1 actual contacts), while  From appliance removal to retainer delivery,
this study recorded 34.3 + 10.5 total contacts (18.7 any alteration in occlusal contacts in both
* 7.0 near contacts, 15.6 + 5.8 true contacts) for samples should be similar. Both showed a small
the Hawley retainer group and 31.8 + 11.8 total  increase in the number of posterior contacts from
contacts (14.0 £ 6.5 near, 17.8 + 7.5 true) in the T1 to T2, with a greater increase in the Hawley
clear overlay retainer group. The increase in con-  retainer group. This difference cannot be ex-
tacts observed in the Hawley retainer group plained. Several possibilities can be proposed to
agrees with the findings of Durbin and account for the differences between retainer
Sadowsky,” who compared Hawley retainers groups from T1 to T3. First, no attempt was
with tooth positioners. With the Hawley retainer made to adjust the overlay retainers to optimal
they found the total number of contacts increased  occlusal contact. With up to 0.05 inches of re-
significantly during the first 3 months of reten- tainer material between the teeth, initial contact
tion, with most of the increase associated with at closure was between the more posterior teeth.
posterior contacts. From these results it is appar- This contact may have loaded the molars more
ent that with a Hawley retainer, the posterior than the anterior teeth and have prevented fur-
teeth settle after the bands are removed. thereruption or settling, or possibly intruded the
Razdolsky and Sadowsky™ described minimal molars.”!® However, the differential occlusal
migration of the contacts toward the central loading when the retainers were worn at night
groove. No attempt was made in this study to would have been counteracted during the day
characterize the location, or alteration of location, when the retainers were not worn. Alternately,
The Angle Orthodontist Vol. 67 No. 3 1997 227
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Figure 3

Comparison of Hawley
and clear overlay re-
tainers. The mean
change and standard
deviation are shown for
total tooth contacts (A),
posterior tooth con-
tacts (B), and anterior
tooth contacts (C) be-
tween debonding and
retainer delivery (T1-
T2), retainer delivery
and three months re-
tention (T2-T3), and
from debonding to
three months retention
(T1-T3).

*p<0.05; **p<0.01
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if the mandibular condyles had been distracted
to produce a more uniform distribution of oc-
clusal contact with the retainers in place,’*® there
should have been an increase in posterior con-
tacts when the overlay retainers were removed
and the condyle assumed its normal position.
The data shows the opposite occurred.

Because the second molars were only partially
covered by the overlay retainers, they may have
erupted more relative to the more mesial teeth.
The second molars would then become an oc-
clusal stop when the retainers were removed.
However, this explanation is unlikely because
the second molars did not show an increase in
occlusal contacts.

It is most likely that the overlay retainers re-
verse the settling occurring between T1 and T2
because the retainers are fabricated on casts
taken at T1. This hypothesis is consistent with
data from the clear overlay group showing a
slight reduction in posterior contacts from T2 to
T3, but no difference in the number of contacts
at T3 compared to T1.

The Hawley retainer, on the other hand, may
encourage posterior tooth eruption. Since the
Hawley retainers were worn full time, the ante-
rior bite plane and labial wire may have held the
anterior teeth, allowing the posterior teeth to ex-
trude. This suggestion is supported by data
showing no change in the anterior contacts in the
Hawley group, while the posterior contacts in-
creased. Assuming some tooth settling had
occured during the day in the clear overlay re-
tainer patients, it is likely that had the bite reg-
istrations been made in the morning, differences
between the two retainer groups would have
been even greater.
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Based on previous studies, additional increases
in occlusal contacts during retention should be



expected over time, particularly as daily retainer
wear is reduced.!%?! [n the present study, greater
increases would be anticipated in the clear over-
lay patient group if retainer use were to be dis-
continued. Areas for future investigation include
comparisons of changes in occlusal contacts with
other types of removable as well as fixed retain-
ers, and long-term follow-up on changes
occuring over an extended retention period. Ul-
timately, it would be of interest to establish
whether the differences in occlusal contact pat-
terns after 3 months retention will result in dif-
fering tendencies toward settling or relapse at
extended retention and postretention intervals.

Conclusion

This study demonstrates that significantly more
occlusal contacts appear during the first 3
months of retention with use of the Hawley re-
tainer, whereas little change is found with the
clear overlay retainer. These findings suggest
that Hawley retainers should be prescribed if one
of the objectives of retention is to allow for rela-
tive vertical tooth eruption (tooth settling), par-
ticularly of posterior teeth. Conversely, if the
desired occlusion is established before retainer
fabrication, for example with a positioner, the
clear overlay retainers should function well to
maintain the occlusal contact pattern.

Comparison of occlusal contacts
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