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Abstract

This study investigated the effect of the palatal crib ap-
pliance used in the correction of open bite malocclusions
secondary to fingersucking. Twelve experimental and 12
control subjects were studied for an average of 3.9 months.
The sample consisted of patients who were both growing
and not growing.

Study models taken before and after the study period
were analyzed for changes in the following dimensions:
overbite, overjet, arch perimeter, arch length, and incisor
angulation. Data were analyzed with student t-tests to
determine statistical significance.

Partial or complete closure of the open bite was achieved
averaging 3.7 mm ~ 1.9 mm during the observation pe-
riod in the experimental group treated with palatal crib
therapy. In contrast, the control group displayed a mean
bite opening of 0.4 mm ~ 0.8. These values were statisti-
cally significant at the P < 0.001 level.

Open bite decreased as incisor angulation (P < 0.02),
arch length (P < 0.05), and arch perimeter (P < 0.01) 
creased. Overjet changes were minimal and statistically
insignificant. (Pediatr Dent 19:323-26, 1997)

D igit sucking has been associated with malocclu-
sion in both the primary and permanent den-
tition in children.1~ Larsson concluded that

prolonged finger-sucking caused an anterior open bite
malocclusion, leading to a reduction in anterior verti-
cal maxillary alveolar growth/

Haryett et al. found the palatal crib without spurs
to be the most effective mechanical method to prevent
thumb placement,s, 9 In addition, they found that 82%
of patients treated with cribs stopped sucking within
7 days.

Other investigators have reported on dental changes
subsequent to abandonment of the fingersucking habit
without appliances.~°-12 Their results all agree with re-
spect to spontaneous bite closure in prepubertal sub-
jects. However, postpubertal subjects did not demon-
strate any such improvement.

The literature is devoid of reports concerning den-
tal changes secondary to palatal crib therapy in

fingersuckers. The purpose of this study was to com-
pare changes in the dentition of finger suckers treated
with palatal cribs with those in an untreated control
group with respect to overbite, overjet, arch length, and
arch perimeter.

Methods and materials

Twenty-four patients between the ages of 6 and 18
years with digit-sucking habits were selected within a
4-month screening period from the patient population
at Montefiore Medical Center, Division of Orthodon-
tics, for inclusion in this study. After consent was re-
ceived, 12 subjects each were assigned randomly to ex-
perimental and control groups. The control group
patients received no treatment while the experimental
group was treated with palatal crib therapy.

Selection criteria included: normodivergent skeletal
pattern (SN-MP< 36°); dentoalveolar anterior open bite,
a class I occlusion (as determined by a cephalometric
and model evaluation) and an active finger-sucking
habit (as determined by patient history).

Records were obtained immediately prior to the
study on all patients and included study models, pan-
oramic and cephalometric radiographs, and intra- and
extraoral 35 mm slides. Study models were trimmed
and oriented as outlined by the American Board of
Orthodontics. Each subject was observed monthly. The
principle investigator was careful not to provide any
behavioral modification instructions to the control
group. After 3 months, study models were obtained
and compared to the initial pretreatment study mod-
els. The following measurements were analyzed for
changes: overbite, overjet, arch width, arch length, arch
perimeter, and incisor angulation. Measurements were
made with calipers to the nearest tenth of a millime-
ter. Overbite was measured perpendicular to the oc-
clusal plane. Overjet was measured parallel to the oc-
clusal plane. The occlusal plane was defined as the
functional occlusal plane, including only the molars
and second premolars.

Arch length was defined as perpendicular to a line
connecting the mesial of the first molars measured to
the labial of the incisal edge of the most prominent cen-
tral incisor. Changes in arch perimeter were measured

Pediatric Dentistry - 19:5, 1997 American Academy of Pediatric Dentistry 323



according to the method described by Adkins et aU3

Arch perimeter was measured as the sum of five seg-
ments along the circumference of the dental arch
spanning from mesial of the first molar on the right
side around to mesial of the first molar on the left.

In order to minimize radiographic exposure but
still measure changes in incisor angulation, lateral
view slides of pre- and post-treatment study mod-
els were taken in lieu of a lateral cephalometric ra-
diograph. After testing the technique for reproduc-
ibility on 10 random samples, the following was
performed. Slides were projected at 10 times mag-
nification, and tracings were made of occlusal con-
tours of the first molar, second premolar, and of the
facial contour of the most prominent incisor. Pre-
treatment slides were projected and traced. Post-
treatment slides were then projected to superimpose
on the tracing of occlusal contour of the first molar
and second premolar. The evaluator was blinded as
to group status of each study model. The facial con-
tour of the most prominent incisor in the post-treat-
ment slide was traced in a dotted line. A tangent to

TABLE . SAMPLE CHARACTERISTICS

Characteristics Control Experimental Significance

Age (yrs.)
Mean 12.1 13.5 NS
SD 3.3 2.8
Range 8 to 18 10 to 18

Study Length (mos.)
Mean 3.1 3.3 NS
SD 0.4 0.8
Range 2.5 to 4.5 3 to 5

Overbite (mm.)
Mean -4.6 -5 NS
SD 1.9 3
Range -2 to -7.9 -2 to -11.8

Overjet (mm.)
Mean 5.4 4.6 NS
SD 2.6 2.7
Range 1.6 to 9 2 to 9

cant differences for age, length of study, initial over-
bite and overjet, or pretreatment cephalometric an-
gular measurements and vertical proportions (Tables
1, 2).

Arch perimeter changes were statistically significant
for m~ixillary and mandibular arches (Table 3). Maxil-
lary arch perimeter decreased a mean of 2.6 + 1.8 mm
in the experimental group, while the mean for the con-
trol group was increased by 0.25 + 0.5 mm. This differ-

TABLE2. MEAN PRETREATMENT CEPHALOMETRIC MEASUREMENTS
Fig 1. Illustration of measurement of incisor angular
changes. Pretreatment study model: solid line. Post-
treatment study model: dotted line. A tangent to the
functional occlusal plane (first molars and second
premolars) was drawn as a reference plane, and
tangents to the facial surface of the central incisors of
each model were also drawn with the resultant angles
to the occlusal plane measured and compared.

the facial incisal two-thirds was drawn for each
traced incisor. A tangent to the cusp tips of the first
molar and second premolar was drawn to represent
the functional occlusal plane (Fig 1). The resultant
angles to the functional plane were measured.

All measurements were taken twice and the av-
erages were used for statistical computations. Data
were analyzed with student t-tests to calculate sta-
tistical significance. Error was evaluated by corre-
lating all first and second measurements obtained.

Results
Overall 10 males and 14 females were studied.

Two-thirds of the patients were of Hispanic origin
with the remaining third equally distributed be-
tween African and European Americans.

Control and experimental groups had no signifi-

Measurements Control Experimental Norm Sign.

SN-MP (o) 32.4 31.4 36 NS
SN-PP (o) 4.4 4.2 8 NS
PP-MP (o) 27.9 26.6 29 NS
ANB (o) 7.9 7.3 3 NS
Ar-Go-MP (o) 122.5 119.8 131 NS
UI-pP (o) 119.3 119.1 110 NS
L1-MP (o) 105.9 104.9 91 NS
UAFH (mm) 50.1 49.6 50 NS
LAFH (mm) 70.3 70.6 65 NS
TAFH (mm) 118.4 119.3 113 NS
Ratio UAFH/TAFH 0.42 0.42 0.44 NS
Ratio LAFH/TAFH 0.59 0.59 0.57 NS

SN-MP (°)=sella nasion plane to mandibular plane
SN-PP (o) = sella nasion plane to palatal plane
PP-MP (°) = palatal plane to mandibular plane
Ar-Go-MP (o) = gonial angle
U1-PP (°) = upper incisor to palatal plane
L1-MP (o) = lower incisor to mandibular plane
UAFH (ram) = upper anterior facial height (N-ANS)
LAFH (mm) = lower anterior facial height (ANS-Me)
TAFH (mm) = total anterior facial height (N-Me)
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TABLE 3. CHANGES IN ARCH PERIMETER, LENGTH (MM)

AND INCISOR ANGULATION

Arch Control Experimental Significance

Perimeter
Maxilla

Mean (S.D.) 0.25 (0.5) -2.6 (1.8)
Min. -0.1 -0.1
Max. 1.1 -5

Mandible
Mean (S.D.) 0.18 (0.4) -1.9 (1.0)
Min. 0 0
Max. -0.9 -3

Length
Maxilla

Mean (S.D.) 0.01 (0.33) -1.4 (1.4)
Min. 0 0.2
Max. 0.8 -5

Mandible
Mean (S.D.) 0.03 (0.19) 1.2 (0.8)
Min. 0 0.1
Max. 0.4 -2.6

Incisors
Maxillary

Mean (S.D.) -0.6 (2.1) 4.7 (4.8) P < 0.02
Mandibular

Mean (S.D.) 0.3 (0.7) 3.4 (2.9) P < 0.02

P < 0.01

P < 0.001

P < 0.05

P < 0.01

ence was statistically significant at the P < 0.01 level.
Mandibular arch perimeter decreased a mean of 1.9 +
1.0 mm in the experimental group, and the mean for
the control group increased by 0.18 + 0.4 mm with a sta-
tistically significant difference at the P < 0.001 level.

Arch length changes were analyzed and the mean
change in maxillary arch length decreased by 1.4 + 1.4
mm for the experimental group, and the mean change
for the control group was 0.01 + 0.33 mm. These val-
ues were statistically significant at the P < 0.05 level.
Mandibular arch length decreased by a mean of 1.2 +
0.8 mm for the experimental group and 0.03 + 0.19 mm
for the control group. This was significant at the P <
0.01 level of confidence (Table 3).

The open bites in the experimental group closed by
a mean of 3.7 + 1.9 mm. In contrast, the control group
demonstrated a mean bite opening of 0.4 + 0.8 mm.
These values were statistically significant at the P <
0.001 level (Table 4). Post-treatment overbite values
showed a statistically significant difference between
groups at the P < 0.01 level (Table 4). Changes in over-
jet were minimal for both groups and statistically in-
significant.

The mean change in angulation of maxillary incisors
in the experimental group was represented by a
retrocliriation of 4.7° relative to the functional occlusal
plane. This was statistically significant at the P < 0.02
level of confidence when compared with the control
group, which showed a mean proclination of 0.6. ° A

positive change in angulation relative to the oc-
clusal plane demonstrates an uprighting (or
retroclining) of the incisors. The mean change in
angulation of mandibular incisors was 3.4° in the
experimental group, which was significant at the
P < 0.02 level when compared to the control
group (Table 3).

Measurement error was minimal, never ex-
ceeding 0.02 with correlations of first and second
measures ranging from 0.84 to 0.96 in value.

Discussion
Although our study suffers from some

marked limitations (small sample size and wide
age range) the results were quite dramatic. Im-
provement in overbite was observed in every
patient treated with the palatal crib. Minimal
changes were seen in the control group who, in
most instances, worsened over time. Within the
3-month study period, palatal crib therapy was
found to improve the dental occlusion of digit
suckers significantly.

The speed with which the palatal crib appli-
ance in this study allowed for overbite improve-
ment was remarkable. The mean overbite closure
observed in the 3-month study period, was 3.7
mm. Larsson’s experimental group required 2
years to achieve an increase this great.12 Bowden
reported that the time required for improvement
in overbite after cessation of the digital sucking

appeared to be between 3 to 5 years."
Significant decreases in maxillary and mandibular

arch lengths were observed in the experimental group
at the P < 0.05 and P < 0.01 levels, respectively. Larger
changes in arch length were observed in those subjects
with excess space prior to treatment. In our study, bite
closure seemed to be related to arch length decrease
and the severity of the initial open bite. These findings
differ markedly from Larsson’s results, which showed
no change in arch length.12

Significant decreases in maxillary and mandibu-
lar arch perimeter were observed in the experimen-
tal group. Recognition that crowding of the dentition
will increase substantially during palatal crib

TABLE 4. MEAN .’HANGES IN )VERBITE.

Overbite (ram) Control Experimental Signif.

Initial
Mean (SD) -4.6 (1.9) -5.0 (3.0) NS
Range -2.0 to -7.9 -2.0 to -11.8

Final
Mean (SD) -5.0 (2.2) -1.3 (2.3) P < 0.01
Range -2.0 to -8.3 2.0 to -5.1

Net Change
Mean (SD) -0.4 (.8) 3.7 (1.9) P < 0.001
Range 0.1 to -2.5 0.8 to 6.7
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therapy is of utmost importance in treatment plan-
ning. A case that initially has spacing present might
very well require extraction therapy due to the in-
crease in crowding that would follow crib therapy.
In the maxillary arch, the average space loss was 2.6
mm. However the results were variable ranging from
5.0 mm to 0.1 mm.

Maxillary and mandibular incisors retroclined dur-
ing crib therapy to a significant extent. This was con-
sistent with Larsson’s cephalometric findings. He re-
ported a mean retroclination of 5° of the maxillary
incisors 1 year after weaning. Our subjects showed a
mean retroclination of 4.7° within 3 months.

Changes observed in overjet during our study
were insignificant. This was due to a concomitant de-
crease in mandibular arch length as the maxillary
arch length and incisor angulation decreased.
Larsson also found no change in overjet, but Bowden
found that overjet diminished with time following
cessation of the habit.11,12

Several investigators report an increase in overbite
following cessation of finger sucking2°-12 They point
out that spontaneous correction of anterior open-bite
malocclusion is only seen in those patients whose habit
is arrested prior to the pubertal growth spurt. How-
ever, six of the 12 patients in our experimental group
were female and were between 12 and 18 years of age
and postmenarchealo The mean increase in overbite for
this postmenarcheal group was 3.8 mm, which was
approximately the same as the mean change seen for
the six prepubertal subjects (3.6 mm)o These studies1°-
12 reflect on data obtained from patients not treated with

any intraoral aversive devices such as the one used in
this study.

The palatal crib appliance used in our study must
have acted as a mechanical barrier that prevented fin-
ger placement and made sucking difficult, if not impos-
sible. Positive results were seen regardless of the age
of the patient. Our small sample size does not allow for
any further analysis on the data.

The initial cephalometric skeletal values docu-
mented that our samples tended to have slightly lower
mandibular plane angles than would have been ex-
pected from our mostly Hispanic and black subjects.
The favorable skeletal divergence of the study group
may have been a contributing factor to the success of
treatment observed in this study, because hypodiver-
gent patterns are thought to have more powerful ver-
tically directed musculature.

This preliminary study was conducted over a rela-
tively short period of time and demonstrates the short-
term effect of a particular palatal crib design. No com-
parisons can be made to other techniques or appliances.

Conclusions
1. Palatal crib therapy resulted in a significant

decrease in open bite in subjects with a digit-
sucking habit when compared to a control
group over a 3-month period.

2. Significant differences were also noted in pa-
rameters of arch perimeter, arch length, and in-
cisor angulation.
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