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he dental profession has long recognized
T aneed for extracting premolars when sup-

porting bone is insufficient for the amount
of tooth structure present. Assuming that extrac-
tion is deemed necessary, decisions are limited to
determining when to extract and when to initiate
mechanotherapy.

Traditionally, the extraction of teeth has been
immediately followed by appliance therapy. This
practice, whichisstill the most commonapproach,
was proposed to prevent adverse and unwanted
tooth movement, especially of those teeth adja-
cent to the extraction sites.! However, initiating
therapy immediately following extraction may
not be necessary.>* There are, after all, potential
benefits from a period of physiologic dental drift

post-extraction, as first proposed by Bourdet.*
The benefits include better occlusal relationships,
increased dentoalveolar support, and a shorter
period of full appliance therapy owing to sponta-
neous realignment of the dentition.>?

While the concept of physiologic drift, com-
monly referred to as “driftodontics”, following
first premolar extractions has been gaining accep-
tance in the orthodontic community, the exact
nature and amount of drift has not been ad-
equately documented. There are also no guide-
lines as to when drift should be allowed to occur.
The purpose of this study was to quantify physi-
ologic drift of the untreated mandibular dentition
following extractions of the four first premolars
during the mixed and permanent dentition stages.
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Abstract

A retrospective study of two groups of patients was conducted to evaluate the physiologic drift, or “driftodontics”, of the
mandibular teeth following the exiraction of four first premolars. Group 1 included 32 patients who underwent early extraction
in the mixed dentition stage at a mean age of 10.4 years; they were followed for approximately 2.5 years postextraction. Group
2 included 20 patients whose premolars were extracted after the permanent dentition had fully erupted. Their mean age at
the time of extraction was 14.2 years, followed by a 0.8 year observation period. Exceptforthe extractions, no other mandibular
therapy was rendered. The results show no differences in rates of molar movements between groups. The molar apex moved
mesially approximately 0.6 mm/yr; the molar cusp moved mesially approximately 1.2 mm/yr. In contrast, there were marked
group differences in movements of the mandibular incisors and canines; rates of change were significantly greater in Group
2 than in Group 1. The canines drifted laterally and distally into the extraction sites while the incisors became more upright
over basal bone and less crowded. Incisor irregularity decreased 1.3 mm/yr in Group 1 and 5.5 mm/yrin Group 2. The group
differences in amounts of tooth movement were accounted for by changes in incisor crowding.
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Table 1
Cephalometric arnigles and distances

Measure Description

Anterior - Posterior Relations

M1/RP (deg)
M1_-ARP (mm)
M1_-ARP (mm)
OJ (mm)

Vertical Relations
11,-Me (mm)
M1_-MP (mm)

OB (mm)

S-N/MP (deg)

I11/MP (deg) Lower incisor angulation to the mandibular plane (gonion-menton)
11,-ARP (mm) Lower incisal edge distance to the anterior reference point
11,-ARP (mm) Lower incisor apex distance to the anterior reference point

Lower first molar angulation to the reference plane

Lower first molar mesiobuccal cusp distance to the anterior reference point

Lower first molar mesial root apex to the anterior reference point

Overjet measured as the horizontal distance between the upper and lower incisor edges

parallel with the occlusal plane.

Lower incisal edge distance to menton

Lower first molar mesiobuccal cusp distance to the mandibular plane
Overbite measured &s the vertical distance between the upper and lower incisal

edges perpendicular with the occlusal plane

Mandibular plane angulation to the sella - nasion line

———M1_-ARP>
<1,-ARP>

-

Am1,-ARP
11,-ARP™>

Figure 1

Figure 1
Cephalometric dis-
tances and angles.
Horizontal movements
evaluatedrelativetoan-
terior reference point
(ARP).

128 The Angle Orthodontist

Materials and methods
Two samples of patients, treated by two differ-
ent orthodontists, were selected using the follow-
ing criteria:
1. No prior orthodontic treatment.
2. Skeletaland dental class I malocclusion with
mandibular arch length deficiency.
3. Extraction of the four first premolars fol-
lowed by a period of drift.
The early extraction sample (Group 1) included
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32 patients (19 females and 13 males), 40% of
North American ancestry and 60% of Asian an-
cestry. Treatment included extraction of the four
first premolars in the late mixed dentition stage
(premolars had just emerged) at approximately
10.4 years of age (SD = 1.1 years). The observation
period following extraction was approximately
2.5 years (SD = 0.8 years).

The late extraction sample (Group 2) included
20 patients (16 females and 4 males) of Asian
ancestry. Extractions of the four first premolars
were performed after the second molars had fully
emerged. The maxillary arch was treated using
light wires and extraoral cervical pull headgear.
The inner facebow was routinely overexpanded.
The mean age at pretreatment was 14.2 years (SD
= 2.5 years), followed by a observation period of
0.8 years (SD = 0.3 years).

Pre- and post-treatment lateral cephalograms
and dental casts wereanalyzed. The cephalograms
were randomly traced by one operator. A refer-
ence line with arbitrary anterior and posterior
points was drawn tangent to the mesio-buccal
cusp of the mandibular first molar and the man-
dibular incisal edge on the pre-extraction tracing.
Using stable anatomical reference structures de-
scribed by Bjork and Skieller,' the post-extraction
mandible was superimposed on the pre-extrac-
tion mandible. The reference line and points were
then transferred to the post-extraction tracing;
they served as a stable reference for evaluating
horizontal and vertical changes of the landmarks.

Sixteen additional cephalometric landmarks



were identified on each tracing. Eleven angles
and distances were calculated (Figure 1; Table 1).
The mandibular plane was defined by the land-
marks gonion and menton. The dental casts were
measured using electronic calipers accurate to
0.01 mm. Arch depth (AD) was measured from
the midpoint of the most labial aspect of the
central incisors to the point bisecting the line
connecting the mesial contacts of the first perma-
nent molars. The irregularity index (IRREG) rep-
resented the sum of the five distances between
adjacent contact points of the six anterior teeth."
Intercanine width (ICW) was measured between
the cusp tips or estimated cusp tips when wear
facets were present. No measurements were taken
if the permanent canines had not erupted. First
permanent intermolar width (IMW) was mea-
sured between the central pits or estimated cen-
tral pits in the case of occlusal sealants or
restorations.

To evaluate reliability, measurements of 15 ran-
domly chosen cephalograms and models were
replicated. Systematic error was not significant
for any of the measures. Method error'? ranged
between 0.18 mm and 0.63 mm for the linear
measurements, and between 0.58° and 0.84° for
the angular measures.

Due to individual and group differences in du-
ration between the pre-and-post extraction
records, all measures were adjusted to annual
rates of change [(Var,, -Var,)/(Age,, - Age_ )l
The adjustment assumes continuity of pattern; on
that basis it is possible to more accurately com-
pare changes and produce meaningful summary
statistics. Measures showing significant skew-
ness and/or kurtosis were normalized through
logarithmic transformation. Two-way analyses
of variance were used to evaluate sex and group
differences.

For selected variables, the cephalometric and
dental changes were compared with middle to
upper socio-economic class controls of Northern
European ancestry.®* The control sample pro-
vides a baseline to compare changes of treated
and untreated children. For each subject, age-and
sex-specific z-scores were calculated to allow
males and females of different ages to be com-
bined for analysis. Z-scores express each
individual’s deviation from the control mean in
standard deviation units. Although size differ-
ences between the control and experimental sub-
jects might be anticipated, little or no differencein
actual changes might be expected. Paired t-tests
were used to compare pre-and post-extraction z-
scores; significant differences were interpreted as
treatment effects.

Physiologic drift following extractions

Table 2
Pre- and post-extraction lower incisor angulation and
irregularity index
ANOVA Standard
Parameter F Sig Group N Mean Deviation
Pre-extraction
11/MP 16.11  <0.001 1 32 88.57 8.29
2 20 97.06 5.73
IRREG 7.38 0.011 1 32 5.45 272
2 20 8.27 2.79
Post-extraction
11/MP 6.89 0.011 1 32 84.70 9.79
2 20 91.23 6.61
IRREG 6.55 0.016 1 32 3.29 1.61
2 20 4.17 1.66
Results

Analyses of variance (Table 2) demonstrated
significant pre- and post-extraction group differ-
ences in mandibular incisor angulation and ir-
regularity. As expected, the late extraction group
displayed greater proclination and irregularity of
the incisors than the early extraction group both
before and after extraction therapy.

Sex differences in annual rates of change during
the observation period were not statistically sig-
nificant (Table 3). Group differences were also
insignificant for eight of the fifteen measurements.
Consistently, anterior-posterior changes in molar
position were not statistically significant between
groups. Table 4 shows that the molars tipped
mesially approximately 1.9°/yr; the molar cusp
and apex moved mesially 1.2 mm/yr and 0.6
mm/yr, respectively (Figure 2). There was an
increase of approximately 0.5 mm/yr in the ver-
tical distance between the mandibular plane and
both the molar cusp and incisor tip . The man-
dibular plane angle decreased approximately 0.3
degrees per year. Movements of the incisor apex
and changes in overjet were not statistically sig-
nificant over the drift period.

In contrast to the molars, the incisors displayed
statistically significant group differences (Table
5). The rate of lower incisor retroinclination was
approximately four times greater for the late ex-
traction group than for the early extraction group
(Figure 3). This difference can be attributed to
distal movements of the incisal edge. The late
extractiongroup also showed significantly greater
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Table 3
Analyses of variance evaluating sex and group differences
Sex Effect Group Effect
Residual
Variable DF DF F Prob DF F Prob
Anterior - Posterior Changes
11/MP 45 1 0.12  0.728 1 19.38 <0.001
11,-ARP 45 1 0.04 0.851 1 19.24 <0.001
11,-ARP 45 1 154 0.222 1 0.28 0.600
M1/RP 45 1 0.78  0.382 1 0.84 0.363
M1_-ARP 45 1 347 0.069 1 1.98 0.166
M1,.-ARP 47 1 024 0.624 1 0.87 0.355
oJ 47 1 1.29  0.261 1 0.00 0.949
AD 48 1 0.04 0.835 1 24.95 <0.001
IRREG 27 1 3.00 0.094 1 29.60 <0.001
Vertical Changes
11,-Me 45 1 0.27  0.606 1 0.75 0.391
M1_-MP 47 1 244 0125 1 0.01 0.927
OB 47 1 010 0.759 1 21.31 <0.001
S-N/MP 47 1 0.97 0.330 1 0.22 0.643
Transverse Changes
ICW 48 1 0.31 0.579 1 10.54 0.002
IMW 48 1 035 0.556 1 13.40 0.001
Table 4 Table 5
Yearly increr?wer?ts during the Yearly increments during the drift period for variables
drift period for variables showing showing a significant group difference
no significant group differences Variable Units  Group N Mean  SD
Variable Unit N Mean SD Anterior-Posterior Relations
/MP degl/yr 1 32 -1.76 2.42
Anterior-Posterior Changes 2 20 -8.08 6.71
11 -ARP 51  -0.12 7 11-ARP mm/yr 1 32 0.39 0.47
a mm/yr 0.79 ° 2 20 2,53 2.36
M1/RP deg/yr 52 190  3.63 IRREG mm/yr 1 32 -1.33 1.26
M1-ARP  mm/yr 52 -1.19 1.31 AD ' ? 2C2) ?gg (;«gg
M1-ARP mmjyr 51 -058 1.1 < mmvr > s 64
0J mm/yr 52 008 122 Vertical Relations
. OB mm/yr 1 32 0.34 0.84
Vertical Changes mmiyr 2 20 2.30 1.68
11.-Me mmjyr 52 052 061 Transverse Relations ‘
M1 -MP mm/yr 52 055 0.96 ICW mm/yr 1 32 0.59 0.78
2 20 1.69 1.68
S-N/MP mm/yr 52 -030 1.81 IMW mmlyr ] 32 0.77 055
2 20 -0.13 0.67
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-0.12 mm

Figure 2

increase in overbite and a more pronounced de-
crease in incisor irregularity. Arch depth changes
wereapproximately twiceas greatand intercanine
width increased roughly three times as fast for
Group 2 than for Group 1 (Figure 4). Finally, the
late extraction group showed significantly less
decrease in intermolar width than the early ex-
traction group.

Analyses of covariance showed that the ob-
served changesin theirregularity index accounted
for all but one of the group differences. In other
words, most of the variation between groups was
directly related to individual changes in irregu-
larity during thedrift period. Asexpected, changes
in irregularity did not account for group differ-
ences in intermolar width.

Table 6 evaluates differences between the pre-
and post-extraction z-scores. Vertical changes of
the lower incisal edge and, particularly, the lower
first molar cusp were significantly greater than
expected. Z-scores for lower incisor angulation,
arch depth, intercanine width and intermolar
width also indicated significant treatment effects.
The mandibular plane showed no statistically
significant differences, suggesting normal growth
changes unaffected by treatment. Intermolar
width in the late extraction group also followed a
normal pattern of change.

Discussion

Group differences before premolar extraction
reflect, primarily, the progressive development
of malocclusion and the treatment approaches of
the two orthodontists. Importantly, the observed
group differences are accounted for by reductions
in the irregularity index. Since the change in the
irregularity index was significantly correlated
with pretreatment irregularity (R=0.74), it fol-
lows that the initial incisor crowding played a
major role in defining group differences.

The rationale for first premolar extraction dur-
ing the mixed stage of dental development is to
maintain the functional position of the dentition
and avoid insults to supporting alveolar bone.”

Figure 3A

Figure 3B

This approach is based on the consérvation of
alveolar bone height, since it has been previously
shown that there is a loss of bone height when the
arch length deficiency is permitted to fully ex-
press itself in the permanent dentition.' If the
displacement of teeth from their ideal position
over the supporting basal bone produces a loss in
alveolar bone height, it follows that early extrac-
tion of permanent and primary teeth may allow
the remaining dentition to erupt into a less
crowded arch and, thereby, maintain maximal
alveolar support. Maximum dentoalveolar sup-
port may also be a factor in determining stabil-
ity."”

The treatment approach for Group 2 was to
postpone the extraction decision as long as pos-
sible. This allows the practitioner to exhaust
other treatment options which may obviate the
need for extraction. Orthodontic brackets were
once placed with metal bands completely encir-
cling the tooth, an approach requiring additional
arch length and often dictating extraction in bor-
derline cases. Orthodontic advances have per-
mitted an increasing number of malocclusions to
be treated nonextraction. The advent of brackets
bonded to the labial tooth surfaces has permitted
many borderline cases to be treated nonextraction;
the introduction of flexible rectangular archwires
and the advent of slenderizing have further de-
creased the need for extraction.

Orthodontists traditionaly believed in the im-
mediate placement of orthodontic appliances fol-
lowing premolar extractions to minimize adverse
mesial drift of the posterior teeth. As expected,
relatively greater mesial molar movements are
associated with second premolar extraction than
first premolar extraction.’®” While Robertson,
Cavina and Moss® found that 91% of the first
premolar extraction space was taken up by the
mesial movement of the molars, most studies
report substantially less movement of the poster-
ior teeth. Weber"” showed that approximately
one-third of the space closure following first pre-
molar extraction is taken up by mesial molar

The Angle Orthodontist
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Figure 2

Annual changes in
molar position follow-
ing early or late pre-
molar extraction.

Figure 3A-B

Annual changes in
incisal position for the
early (A) and late (B)
premolar extraction
groups.
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Figure 4
Annualchangesinarch
width following early
(A)andlate (B) premolar
extraction groups.

Figure 5

Pre-and post-treatment
occlusal views of early
(A) and late (B) extrac-
tion therapy, showing
spontaneous realign-
ment of the dentition.

132

The Angle Orthodontist

Figure 4A

Figure 5A

movement; two-thirds is accounted for by distal
canine movements. Glauser? reported that ap-
proximately 76% of extraction space is taken up
by canine movement. Berg and Gebauer® attrib-
uted 80% of the space reduction to distal drifting
of the canines.

Results of the present study also support more
limited mesial movement of the posterior denti-
tion. The total molar movement of the early
extraction group was approximately 3 mm at the
cusp and 1.5 mm at the apex, most of which may
be associated with normal loss of leeway space.
The late extraction group showed approximately
1 mm and 0.5 mm mesial movement of the cusp
and apex, respectively. Since most spontaneous
closure of extraction sites occur during the first
six months,® the observation pericd of the late
extraction group was sufficient to capture most of
the changes that might be expected to occur.

The only molar measurement that showed a
significant group difference wasintermolar width.

Vol. 63 No. 2 1993

Figure 4B

Figure 5B

The width changes observed for the early extrac-
tion Group 1 compare favorably with the 0.6
mm/yr decrease reported by Kinne? over a simi-
lar observation period and age span. The late
extraction group, which underwent extraoral cer-
vical pull headgear therapy with the inner bow
routinely over-expanded to increase inter-molar
width showed substantially less decrease in
intermolar width. Assuming that intercuspal
contact between the maxillary and mandibular
molars was maintained, expected decreases in
mandibular intermolar width were probably mini-
mized by the maxillary therapy.

Changes in the anterior arch segment exhibited
a number of important group differences. The
incisors retroclined about a center of rotation
located close to the root apex. The incisor’s center
of resistance moved slightly up and back, espe-
cially for the late extraction group, which showed
4.5 times more retroclination than the early ex-
traction group. Glauser” reported a 5.8° change



over 40 months of treatment, which compares
favorably with the changes observed for the early
extraction group. Changes in the AP position of
the apex and the vertical movement of the incisal
edge were similar in the two groups. While
overjet changes showed no significant group dif-
ferences, increase in overbite was substantially
greater for Group 2 than for Group 1. The minor
increase in overbite for Group 1 closely agrees
withamounts previously cited."** Interestingly,
both the incisal tip and molar cusp showed verti-
cal increases of approximately 0.5 mm/yr. As-
suming normal remodeling changes of the lower
border (deposition anteriorly and resorption pos-
teriorly), there must have been greater molar than
incisor eruption taking place. Greater molar erup-
tion is also supported by the z-score comparison
with control samples.

Arch depth of Group 2 decreased at twice the
rate observed for Group 1. Again, Kinne? pro-
duced results similar to those of the early extrac-
tion group, most of the decrease in arch depth in
that group was due to mesial movement of the
molar. Most of the decrease in arch depth of the
late extraction group was due to distal movement
of incisor tip associated with uprighting.

Changesinintercanine width asaresult of physi-
ologic drift after late extraction were previously
evaluated by Berg and Gebauer,* who showed a
0.9 mm increase in intercanine width over the first
6 months of therapy. This rate is similar to the 1.7
mm/yr increase observed for the late extraction
group. The changes observed for the early extrac-
tion group (0.6 mm/yr), have also been previ-
ously reported.?? Importantly, group differences
in intercanine width might be related to the tim-
ing of premolar extraction, or to the retraction of
the maxillary canines; there were no occlusal
interferences present on the canines.

Most orthodontistsaccept that mandibular plane
angle will decrease with extraction therapy,” re-
sulting in a deepening of the bite. The effect is
usually explained by mesial movement of the
molars into the extraction sites, which allows the
mandibular plane to rotate anteriorly. With the
exception of an openbite malocclusion, this is
usually anundesirablesequela. Thisstudy showed
no decrease of the mandibular plane angle, which
might be partially attributed to the minimal abso-
lute movements of the molars into the extraction
site. Any mesial movement which did occur was
accompanied by vertical eruption of the molar to
prevent angular change in the mandibular plane.
Nevertheless, greater mandibular plane rotation
may occur when appliance therapy immediately
follows extraction to close the extraction spaces.

Physiologic drift following extractions

Table 6

Paired t-tests evaluating z-score differences

{post-extraction minus pre-extraction)

Variables showing no group differences

Z-score

Variable Groups Difference SD

DF

Prob

0.43
2.29
-0.12

0.47
0.66
0.47

11,-Me 182
M1_-MP 182
S-N/MP 182

Variables showing group differences

-6.64
-24.83
1.86

51
51
51

<0.001
<0.001
0.069

Z-score

Variable Group Difference SD

DF

Prob

11/MP -0.62
-0.90
-2.84
-1.60

1 0.81
2
1
2
ICw 1 1.11
2
1
2

0.56
0.80
0.90
1.49
0.77
0.68
0.24

AD

0.80
-0.93
-0.05

IMW

4.36

7.02
20.00
7.75
-4.21
-4.52
7.77
0.85

31
18
31
18
31
18
31
18

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.405

Summary

Physiologicdrift of the dentition - “driftodontics”
- following extraction of four first premolars can
produce desirable changes. The extraction sites
will begin to close and incisor crowding sponta-
neously corrects itself. Late extraction produces
changes that are mainly due to distal movements
of the mandibular canines and incisors; the man-
dibular molars remain relatively more stable.
Rates of incisal change for the early extraction
group are more limited; molar changes are simi-
lar to those seen with late extraction. Future
studies are clearly required using a more homo-
geneous sample to analyze the temporal varia-
tion inrates of change and to evaluate the influence
of maxillary arch changes during the period of
drift.
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