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Forced-eruption time for palatally impacted canines treated with and

without ostectomy-decortication technique

Donald J. Fergusona; Dalal Al Rossaisb; M. Thomas Wilckoc; Laith Makkid; Roelien Stapelberge

ABSTRACT
Objectives: To compare forced-eruption times for palatally impacted canines treated with and
without the ostectomy-decortication technique and to assess the influence of palatally impacted
canine pretreatment position and angle on forced-eruption time.
Materials and Methods: The sample was composed of 118 patient-subjects with 151 palatally
impacted canines treated with the ostectomy-decortication technique (n¼ 72) and without (n¼ 79).
The orthopantomogram radiographs (OPGs) were analyzed for palatally impacted canine angle
and horizontal and vertical position. Recovery time was measured from the start of forced eruption
until the canine was within 61 mm of final dental arch position.
Results: The time of forced canine eruption with ostectomy-decortication technique was
significantly shorter than without (6.6 vs 21.0 months). Pretreatment canine position significantly
increased forced-eruption time in the ostectomy-decortication group but not in the control sample.
Conclusions: Forced-eruption time of palatally impacted canines using the ostectomy-decortica-
tion technique was 3.2 times more rapid than without. Forced-eruption time increased significantly
as a function of pretreatment palatally impacted canine position severity in the ostectomy-
decortication group but not in the control. (Angle Orthod. 2019;89:697–704.)
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INTRODUCTION

Time needed to forcibly erupt palatally impacted

canines presents a particularly vexing multidisciplinary

clinical problem because active orthodontic treatment

time is usually extended. Conditions cited in the

literature influencing the duration of canine forced-

eruption time are technique of surgery (open or closed)

and pretreatment position of the palatally impacted

canine. Forced-eruption time is often reported as
overall orthodontic treatment time1–13 rather than time
until the impacted canine is aligned in the dental
arch.1,6,9,14,15 Hence, the clinical time needed to forcibly
erupt palatally impacted canines remains ill-defined
and lacks consensus.

Open and closed surgery techniques were recently
compared in a systematic review and meta-analysis16

of data from three publications.10,15,17 A mean difference
between open and closed techniques of 2.14 months
was reported, with no clear delineation of palatally
impacted canine forced-eruption times.

Advocates of alveolar decortication surgical proce-
dures in combination with orthodontic therapy purport
reduced palatally impacted canine forced-eruption
times.18 The ostectomy-decortication technique for
palatally impacted canine exposure has been de-
scribed as follows19 (Figure 1A–F):

� full-thickness flaps to uncover the clinical crown and
to place the orthodontic bracket as ideally as
possible;

� ostectomy between the first premolar and lateral
incisor, clearing a pathway from the impacted canine
crown to the final archwire position but leaving about
1.5 mm of bone interproximally;
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Figure 1. Ostectomy-decortication technique: (A) presurgery, (B) full-thickness flap, (C) extracted primary canine, (D) ostectomy-decortication, (E)

bracket placement and traction forces, (F) flap closure over surgical exposure, (G) cortical bone penetrations (decortication) surrounding palatally

impacted canine (circles in G), and (H) removal of bone (ostectomy) between palatally impacted canine crown and future occlusal position (curved

lines in G and H).
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� intramarrow penetrations over the root prominence of
the impacted tooth facing in the direction of move-
ment;

� bracket placement and application of power-chain
traction forces used directionally as needed to steer
clear of obstructions in the path of eruption; and

� full-thickness flaps returned to their original position
and sutured.

The unique features of the ostectomy-decortication
technique include cortical bone penetrations (selective
decortication) surrounding the impacted canine and
removal of bone (ostectomy) between the impacted
canine crown and future occlusal position (Figure
1G,H).

Fischer20 reported six cases of bilateral palatally
impacted canines treated in a split-mouth design with
randomly assigned surgical exposure on one side and
selective alveolar decortication (without ostectomy) on
the other; the treatment duration was 28% to 33% more
rapid for the corticotomy-assisted technique. No
significant differences were observed in canine peri-
odontal status between these two techniques.

Forcibly erupting palatally impacted canines using
the ostectomy-corticotomy technique has not been
reported. The primary aims of this study were twofold:
(1) to compare the duration of forced eruption recovery
for palatally impacted canines with and without the
ostectomy-corticotomy technique and (2) to assess the
influence of palatally impacted canine pretreatment
position on forced-eruption time. The null hypotheses
tested were (1) no difference as a function of technique
(ie, with and without ostectomy-corticotomy assis-
tance) and (2) no difference as a function of the
pretreatment position of the palatally impacted canine.

MATERIALS AND METHODS

Sample

This retrospective cohort study compared two
samples totaling 118 patients treated for 151 palatally
impacted canines using a forced orthodontic eruption
strategy with and without application of an ostectomy-
corticotomy assistance technique. The ostectomy-
corticotomy (experimental) sample was composed of
57 patients with 72 palatally impacted canines.
Ostecotomy procedure and exposure allowed optimal
bracket positioning on the impacted canine in a high
percentage of cases. The sample treated without the
ostectomy-corticotomy technique (control) included 61
patients with 79 impacted canines; records of 30
patients were retrieved from the European University
College orthodontic clinic in Dubai, United Arab
Emirates, and 31 patient records were retrieved from
the private practices of Drs PJ and Roelien Stapelberg,

Nelpruit, South Africa. In the control group, the open
technique included surgical exposure of the palatally
impacted canine crown by removing the overlying bone
and/or soft tissue directly, bonding the bracket, and
applying immediate forced-eruption traction with power
chain. The closed technique involved raising a full
mucoperiosteal flap, exposing the canine crown, and
bonding an attachment followed by flap replacement;
orthodontic traction with power chain was applied
immediately until the canine erupted into the oral
cavity. Limited access to the palatally impacted canine
crown at the time of surgical exposure initially required
bracket repositioning in many cases of open or closed
technique.

Criteria for subject selection included the following:
(1) palatally impacted canine diagnosed at pretreat-
ment; (2) surgical exposure of the palatally impacted
canine with a bonded attachment device affixed to the
palatally impacted canine during surgery and ortho-
dontic force immediately applied using elastic chain
traction; (3) fixed, comprehensive, nonextraction or-
thodontic treatment; (4) at least 12 years of age at the
time of palatally impacted canine surgery; (5) success-
ful forced eruption of impacted canine; and (6)
availability of records at pre- and postorthodontic
canine forced eruption.

The primary target variable was palatally impacted
canine forced-eruption time, which was the difference
between surgery date and date the recovered canine
was tied into the orthodontic arch wire, assuming a
vertical and facial-lingual position similar to the
adjacent teeth. Independent study variables used from
the orthopantomogram radiograph (OPG) were pre-
treatment impacted canine angle, horizontal and
vertical positions.

Procedures

Approval of the Institutional Review Board at
European University College was obtained to conduct
this research project. All pretreatment OPGs were
taken in the natural head position. Analogue OPGs
were scanned at 600 dpi with a millimeter ruler
embedded in the corner of each scan to normalize
measurements. Digital OPGs were taken at 1200 dpi.
Patient age at time of surgery and date of surgery were
recorded. ImageJ software was used for all measure-
ments and has been shown to be reliable when
measuring study casts, photographs,21–24 and
OPGs.25,26 ImageJ software, a Java-based image-
processing program, is a freeware distributed by the
National Institutes of Health (Bethesda, Md).

Validity testing included measurement comparisons
of the maxillary central incisor tooth width of 10 patient-
subjects between digital OPGs taken at 1200 dpi and

Angle Orthodontist, Vol 89, No 5, 2019

FORCED CANINE ERUPTION OSTECTOMY-DECORTICATION 699



actual study casts. Although mesial-distal measure-
ments of maxillary central incisors magnify on OPG,27

the digital OPGs taken at 1200 dpi averaged 1.27%
larger. Consistency between measurement tech-
niques, digital OPGs, and study casts was demon-
strated by intraclass correlation (ie, 0.980; 95%
confidence interval: 0.968–0.992). To test for intra-
operator reliability, the pretreatment OPGs of six
patients were randomly selected, and the palatally
impacted canines were remeasured for angular,
vertical, and horizontal position using ImageJ software.
Measurements were repeated for five separate weeks,
and no significant differences (P . .05) were found
between means using paired t-tests.

Each digital panoramic radiograph was measured
using image J as follows (Figure 2):

� Angle: Angle created by the long axis of the palatally
impacted canine to the midline constructed on the
OPG13,27,28

� Horizontal: Linear horizontal distance of the palatally
impacted canine cusp tip to the midline constructed
on the OPG

� Vertical: Linear vertical distance of the palatally
impacted canine cusp tip to the occlusal plane
constructed on the OPG using the mesial-buccal
cusp of the first molar and the incisal distal margin of
the maxillary central incisor12,15,27

Data from the experimental and control groups were
subgrouped from least deviated (subgroup 1) to most
deviated (subgroup 3) according to impaction condition
(Table 1).

Forced-eruption time was measured in days from
date of surgery to date of near final canine position tied

into the archwire. Forced-eruption time was judged
completed when facial/buccal photographs verified the
canine was within 61 mm of adjacent teeth facial-
lingually and slot position vertically.

Statistical Analysis

Sample size was calculated for the number of
patient-subjects necessary to achieve 80% power with
an alpha of .05 on forced-eruption times between the
three subgroups, using Cohen f value to indicate the
size of the effect: three-group power calculation for
Cohen f value of .5 (very large effect size) ¼ sample
size 13.9, Cohen f value of .4 (large effect size)¼ 21.1.
Data were collected and stored in Excel and later
transformed for use with the Statistical Package for
Social Sciences (SPSS) software, version 15.0.1, for
analysis. Parametric testing of continuous data was
performed unless the assumption of variance equality
was not verified. When variances were unequal,
intergroup differences in forced-eruption time were
compared using nonparametric Mann-Whitney U-test
for two groups and Kruskal-Wallis H-test with Bonfer-
roni post hoc for subgroups of three or more. The .05
probability level of significance was used for all testing
purposes.

RESULTS

There were no significant differences (P . .05)
between control and experimental sample demograph-
ics (Table 2). No differences were found within
samples in the comparisons between right and left
sides for forced-eruption time and canine position;
therefore, the right and left sides were combined.

Forced-Eruption Time as a Function of Technique

During parametric testing of forced-eruption time by
technique, unequal variances were demonstrated by

Figure 2. Position of palatally impacted canine was measured by

angle of the canine long axis to OPG midline (angle), vertical

distance from canine cusp tip to OPG occlusal plane (d1), and

horizontal distance from canine cusp tip to OPG midline (d2).

Table 1. Subgroupings of the Impacted Caninesa

Subgroup

1 2 3

Angle, 8 0 to 28.4 .28.4 to ,35 .35

Vertical distance, mm 0 to 9.7 .9.7 to ,11.9 .11.9

Horizontal distance, mm .9.25 .6.33 to ,9.25 0 to 6.33

a Based on the ostectomy-decortication sample, three subgroups
equal in size were created representing the position of the
pretreatment maxillary palatally impacted canines in angle to
midline, vertical distance of incisal tip to occlusal plane, and
horizontal distance of incisal tip to midline. For example, the
experimental group angle ranged from 6.78 to 60.78, and the range
was divided into three equal samples (n ¼ 24). Subgroups 1 and 3
had the least and most deviated or clinically difficult canine positions,
respectively. Canine angle to OPG midline reference line was
reported in degrees, and vertical and horizontal position was reported
in millimeters.
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Levene’s test. Therefore, Mann-Whitney U nonpara-
metric testing was used. A significantly greater forced-
eruption time for control than experimental groups was
demonstrated: 629 6 307.2 days or 21.0 months vs
198.4 6 100.2 days or 6.6 months (P ¼ .000),
respectively.

Forced-Eruption Time as a Function of Canine
Position

Using Mann-Whitney U nonparametric testing, sta-
tistically homogeneous pretreatment subgroup sam-
ples were established in order to judge fairly the
influence of pretreatment canine position on forced-
eruption time. To achieve pretreatment impacted
canine angle homogeneity, two patients with the
highest canine angle were removed from the control
sample (n¼ 77), while the experimental group (n¼ 72)
remained constant. For horizontal position, the control
sample was reduced by nine patients with highest
horizontal distances and one experimental patient with
lowest horizontal distance; pretreatment horizontal
position homogeneity was achieved with experimental
(n ¼ 71) and control (n ¼ 70) groups. For vertical
position, statistically homogeneous pretreatment
groups were achieved by removing five control
participants with the highest vertical distances: exper-
imental (n¼ 72) and control (n¼ 74) groups (Table 3).

The experimental sample was reorganized into three
equal subgroups per independent study variable (ie,
angle, horizontal, and vertical position). Subgroup 1

represented mild impacted and subgroup 3 represent-
ed severe impacted (or most difficult to clinically
resolve). The control group was then reorganized into
three equal or nearly equal subgroups based on the
three impacted canine positions.

Kruskal-Wallis H-tests with Bonferroni post hoc tests
were used to determine differences in forced-eruption
time as a function of impacted canine position
subgroup. In the control sample, no differences were
found in forced-eruption time as a function of pretreat-
ment palatally impacted canine position. For the
experimental group, treatment duration was signifi-
cantly longer when pretreatment impacted canine
angle to midline was highest (284.9 vs 166.3 and
144.1 days, P¼ .000), when the horizontal position was
closest to the midline (248.5 and 224.0 vs 122.7 days,
P ¼ .000), and when it was farthest vertically from the
occlusal plane (246.0 vs 149.0 and 200.3 days, P ¼
.002). Lastly, the three pretreatment position variables
were then categorized by angle-horizontal-vertical to
create three equal subgroups: subgroup 1¼ low-angle
þ low-vertical þ high-horizontal, subgroup 3 ¼ high-
angle þ high vertical þ low horizontal, and so on.
Treatment duration for subgroup 3 (289.5 days)
demonstrated significantly greater forced-eruption time
than subgroup 1 (124.2 days, P , .000) but not
subgroup 2 (181.6 days, P . .05; Table 4; Figure 3)

DISCUSSION

The time required to forcibly erupt palatally impacted
canines into arch alignment was dependent on
technique: the canine forced-eruption time was 3.2
times more rapid with the ostectomy-decortication
technique (6.6 months) compared with control (21.0
months). To illustrate the differences in forced-eruption
times between the two techniques, the most severely
displaced palatally impacted canine by combined
angle-horizontal-vertical positions was compared be-
tween the experimental and control groups (ie, 62.78 vs
62.98, 2.4 mm vs 2.6 mm horizontal, and 15.8 vs 16.0
mm vertical, respectively). The experimental forced-
eruption time was 2.4 times more rapid (ie, 13.6
months vs 31.9 months; Figure 4).

Table 2. Sample Characteristicsa

Control Experimental P

Age, y 14.5 6 2.8 15.3 6 2.3 NS

Patients, n 61 57 NS

Total, n (%) 79 (100) 72 (100) NS

Right, n (%) 47 (59.5) 44 (61.1) NS

Left, n (%) 32 (40.5) 28 (38.9) NS

Bilateral, n (%) 18 (29.5) 15 (26.3) NS

a Comparison of control and experimental samples by age (in
years, 6 standard deviations), patient number, total number of
palatally impacted canines, and right, left, and bilateral (number and
percentages). Note there were no significant differences (P , .05)
between the two samples for any of the characteristics. P indicates
probability significance; NS, not significant.

Table 3. Adjustments to Achieve Homogeneity Between Groupsa

Experimental Control

Pn v SD Min Max n v SD Min Max

Angle, 8 72 30.3 12.8 6.7 60.7 77 34.1 14.5 1.4 60.9 .065

Horizontal 71 7.9 3.3 1.5 16.8 70 9.0 4.2 .1 17.4 .064

Vertical 72 10.8 2.5 2.9 16.9 74 11.8 2.6 6.9 17.0 .055

a Impacted canine angle and horizontal and vertical position means were adjusted to establish statistically insignificant (P . .05) pretreatment
means by removing the highest values from control patients. This was done to fairly judge differences in forced eruption duration as a function of
canine position between the experimental and control groups. n indicates sample size; v, mean; SD, standard deviation; min, minimum; max,
maximum; P, probability significance.
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Three previous studies6,9,13 reported canine forced-

eruption time using similar definitions as the present

study. Control group canine forced eruption in the

present study (21.0 months) was similar to the 18.0

months reported by Schubert and Baumert,9 the

average of 18.5 months reported by Iramaneerat et

al.,6 and the average of 26.3 months reported by

Fleming et al.13 for unilateral impacted canines.

The second main finding was that pretreatment

palatally impacted canine position influenced forced-

eruption time in the experimental group but not in the

control. When palatally impacted canines were cate-

gorized by angle-horizontal-vertical pretreatment posi-

tions, differences in forced-eruption times increased

45.9% from subgroup 1 (124.2 days) to subgroup 2

(181.6 days), 59.3% from subgroup 2 to subgroup 3

(289.5 days), and 2.3 times between subgroup 1 and

subgroup 3. Angle severity had a greater influence

over the mild and moderate subgroups than did severe

horizontal and vertical pretreatment positions (Table 3;

Figure 3).

Previous scholarly literature is conflicted on the

influence of pretreatment position of the palatally

impacted canine on forced-eruption time. Some inves-

tigations reported that pretreatment canine position

influenced palatally impacted canine forced-eruption

times,12,13,28,29 while other investigations reported no

differences.1,14,30 The results of the control group in the

present study were consistent with the latter. Factors

such as bony and soft tissue resistance were

eliminated by ostectomy-corticotomy, but variations in

these very same factors likely mollified the influence of

pretreatment canine position on control forced-eruption

time.

Formal periodontal assessment of patients in the

present study after forced canine eruption would have

provided value-added information. The scholarly liter-

ature indicated that the periodontal condition of treated

impacted canines was almost always affected. How-

ever, only slight differences were found between

previously impacted teeth and contralateral canine

teeth.13,31–33 Evren et al.34 reported statistically different

pocket depths and gingival and bone levels for

orthodontically treated palatally impacted canines

compared with contralateral untreated canines, but

the differences were clinically insignificant or only

marginally significant. Others reported no significant

differences in posttreatment periodontal status after

forcibly erupting palatally impacted canines.10,14

In the present study, the experimental group was

treated by one orthodontist and one periodontal

surgeon, whereas two surgeons and multiple ortho-

dontists treated some of the control group. Multiple

clinicians were a confounding factor, but the impact on

the results was deemed small. Another potential

confounding factor was that the force applied to the

palatally impacted canine was not calibrated in this

retrospective study. Applied traction forces were

limited by the properties of the elastic and/or power

Table 4. Forced-Eruption Time Descriptive Statisticsa

n

Subgroup 1 Subgroup 2 Subgroup 3

Pv SD v SD v SD

Control

Angle 26 588.4 300.2 636.5 243.1 651.7 362.7 NS

Horizontal 23 578.5 306.8 610.7 300.0 765.4 308.4 NS

Vertical 25 527.7 311.4 715.3 331.3 654.0 303.8 NS

Experimental

Angle 24 144.1 61.5 166.3 79.6 284.9 94.3 3 . 1 ¼ 2, P ¼ .000

Horizontal 24 122.7 51.1 224.0 97.1 248.5 98.2 3 ¼ 2 . 1, P ¼ .000

Vertical 24 149.0 79.6 200.3 98.4 246.0 100.2 3 . 1, P ¼ .002

Ang-hor-ver 24 124.2 48.9 181.6 68.1 289.5 96.1 3 . 2 . 1, P , .000

a Forced-eruption time descriptive statistics (in days) for palatally impacted canines (ie, descriptive statistics for equal or near-equal subgroups
per category of angle to midline, horizontal distance from midline, and vertical distance from occlusal plane). Results of Kruskal-Wallis H-test
demonstrated significantly greater treatment duration for the most difficult category (subgroup 3) in all three independent variables in only the
experimental group. n indicates sample size; v, mean; SD, standard deviation; P, probability significance.

Figure 3. Forced-eruption times in the experimental group compared

by palatally impacted canine position (angle, horizontal, and vertical)

as a function of severity (subgrp) demonstrated significantly greater

forced-eruption times for the most severe position (subgrp 3).
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chains used, and as such, traction force was likely not

a strong confounding influence on the results.

Caution must be taken with any retrospective

cohort research because of the possibility of bias.

Subgroups were resized in the present study to

create pretreatment homogeneity. The steps taken

were systematic: the control group started with a

greater number of palatally impacted canines (79 vs

72); therefore, the control group was reduced. No

other subject features were considered when homo-

geneity was established.

CONCLUSIONS

� Palatally impacted canine forced-eruption time aver-

aged 6.6 months using the ostectomy-decortication

technique compared with 21.0 months using open-

closed surgical exposure techniques (ie, 3.2 times

more rapid), and the null hypothesis was rejected.
� The pretreatment position of palatally impacted

canines influenced the forced-eruption time in the

ostectomy-decortication sample but not the control

group, and the null hypothesis was rejected.
� Using the ostectomy-decortication technique, it took

more than twice as much time to forcibly erupt

palatally impacted canines that were identified on

the pretreatment OPG as being severely vs mildly

positioned.
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