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Evaluation of maxillary central incisors on the noncleft and cleft sides in
patients with unilateral cleft lip and palate—Part 1:
Relationship between root length and orthodontic tooth movement

Aya Maeda-lino®*; Kanako Marutani®*; Minami Furukawa®; Shoko Nakagawa®; Sangho Kwon®;

Toshiro Kibe°; Masahiro Tezuka®; Norifumi Nakamura®; Shouichi Miyawaki®

ABSTRACT

Objectives: To measure the root lengths of maxillary central incisors (U1) and evaluate the
relationship among U1 root length, tooth movement, and type of treatment appliance in patients
with unilateral cleft lip and palate over a long-term follow-up period.

Materials and Methods: Occlusal radiographs of 30 patients with unilateral cleft lip and palate,
acquired less than 6 months before secondary alveolar bone grafting (SBG, T1) and after edgewise
treatment (T2), were measured for U1 root length (R1 and R2, root lengths at T1 and T2,
respectively). Frontal and lateral cephalometric radiographs acquired at eruption of U1 (T0), T1,
and T2 were evaluated to determine the inclination and position of U1.

Results: The average values of R1 and R2 on the cleft side were significantly lower than those on
the noncleft side. Frontal cephalometric analysis revealed that the horizontal distance of the root
apex from the median vertical line at TO on the cleft side was significantly smaller than that on the
noncleft side and was correlated with short U1 root length on the cleft side. On the other hand, R1 in
patients treated with maxillary protraction appliances between TO and T1 was significantly shorter
than that in patients without maxillary protraction appliances. However, none of the changes in
cephalometric measurements were correlated with root length.

Conclusions: In patients with unilateral cleft lip and palate, the short root length of cleft-adjacent
central incisors might be associated with the horizontal position of the root apex. In addition,
orthodontic treatment with a maxillary protraction appliance before secondary alveolar bone
grafting might be associated with short U1 root length. (Angle Orthod. 2017;87:855-862.)
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INTRODUCTION

In patients with cleft lip and palate (CLP), some
teeth, especially maxillary incisors, often develop
short roots.” Those short roots might complicate
treatment planning in orthodontic management or
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prosthodontics, which is a major concern for ortho-
dontists.

Apart from short roots, several studies have found
that patients with CLP also exhibit delayed root
development relative to normal reference popula-
tions."® The roots of the maxillary incisors (U1) in
patients with CLP are significantly shorter than those in
patients without CLP," which suggests that genetic
factors might play a role in development of short-rooted
teeth. On the other hand, it has been reported that root
development in cleft-adjacent lateral incisors is delayed
relative to that on the noncleft side*® and that root
resorption on the cleft side is higher than that on the
noncleft side.* Surgical cleft repair results in fibrosis and
reduced blood supply, causing damage to developing
tooth buds in the cleft area.®* Mechanisms controlling
dental development are highly influenced by the same
etiological factors that influence cleft formation.” How-
ever, previous studies have not evaluated root devel-
opment at the same treatment stage or in patients of
similar age. Therefore, the causes of shortness of
dental roots and root resorption in patients with CLP
have yet to be demonstrated. Moreover, the relation-
ship between root length and the position or movement
of teeth upon orthodontic treatment is yet unclear.

This study aimed to (1) evaluate root length and
tooth position of U1 on the noncleft and cleft sides in
patients with unilateral CLP (UCLP), (2) compare
cephalometric measurements on the noncleft and cleft
sides, and (3) evaluate the relationship between root
length and tooth position following orthodontic treat-
ment using different treatment appliances.

MATERIALS AND METHODS

This study was approved by the Kagoshima Univer-
sity Ethics Committee (#519, 589, 661).

Patients

Among consecutive patients with CLP treated at the
Department of Orthodontics, Kagoshima University
Medical and Dental Hospital, Kagoshima, Japan,
between 1983 and 2015, 30 patients who met the
inclusion and exclusion criteria were enrolled (Table 1).
The inclusion criteria were the presence of complete
UCLP, orthodontic and surgical treatment for UCLP at
the hospital, and similar orthodontic treatment in the
cleft area in accordance with the following protocol (N =
66): (1) alignment of the cleft-adjacent U1 by lingual
inclination or rotation, being careful to avoid movement
of the roots into the cleft area, and expansion of the
maxillary arch before secondary alveolar bone grafting
(SBG) in cases where the maxillary dental arch
displayed constriction of the minor segment; (2) SBG
during the mixed dentition; (3) initiation of orthodontic
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Table 1. Sex and Age Distribution of Patients at Each Evaluation
Period and Mean Observation Period

Variable n/n or Mean *= SD°
Sex, male/female, N) 16/14
Age at T0? (y) 7.80 = 0.87
at T1 (y) 10.50 + 1.51
at T2 (y) 16.49 = 1.70
Observation period (y) 8.70 £ 1.78

2 T0 indicates at eruption of central incisors; T1, at less than 6
months prior to secondary bone grafting; T2, after edgewise
treatment. °SD, standard deviation.

treatment, including edgewise treatment in the graft
area, with treatment for cleft-adjacent teeth at 3 months
post-SBG in cases requiring tooth movement into the
graft area; and (4) edgewise treatment of the maxillary
and mandibular permanent teeth. The exclusion
criteria were treatment involving maxillary orthognathic
surgery, unavailability of radiographs required for this
study, the presence of cleft-adjacent lateral incisors or
cleft-adjacent supernumerary teeth in the major seg-
ment, root apex of U1 not closed before SBG (Nolla
developmental stages® < 9), congenitally missing U1,
and crown and root length not measurable (eg, when
the root apex was not imaged or the crown was fitted
with a large dental prostheses; N = 36).

Measurement of Root Length

Occlusal radiographs of the maxillary anterior
occlusion, including the cleft area, were acquired by
radiologists using a standard radiologic technique
(long-cone technique, with root direction perpendicular
to the palatine midline). Images acquired less than 6
months before SBG (T1) and after edgewise treatment
(T2) were evaluated. The outlines of U1 from occlusal
radiographs were traced on acetate sheets. Crown
height and root length were defined as shown in Figure
1° and measured using digital calipers. Correction
factors (CF) were calculated on the basis of crown
heights at T1 and T2 (C1 and C2, respectively) as
follows: CF = C2/C1. Although root length at T2 (R2)
was determined in accordance with the original
measurement, that at T1 (R1) was calculated as
follows: Original measurement root length at T1 X CF.

To validate the accuracy of occlusal radiograph
measurements, the method errors (ME) for occlusal
radiograph measurements were compared with those
of periapical radiograph measurements of U1 in 15
patients who had undergone imaging by both methods
during the same period. In addition, inter- and intra-
examiner (AM and KM) reproducibility and reliability of
root length measurements were assessed on the basis
of ME. U1 in these occlusal and periapical radiographs
were retraced after a minimum interval of 2 months.
The ME for dental root length was calculated using the
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line a

root apex

line ¢

crown edge

Figure 1. Measurement of crown height and root length. Line a,
longitudinal axis along the root canal from the root apex to the incisal
edge; line c, line drawn through the mesial and distal sides of the
cementoenamel junction; and point m, intersection of lines a and c.
Crown height and root length were measured along line a from the
incisal edge and root apex, respectively, to point m.

following Dahlberg formula™:

ME = /> (d?/2n),

where d is the intra- and interexaminer difference in
root length, and nis the number of evaluated teeth. The
MEs for the inter- and intraexaminer reliability of root
length measurements were 0.25 and 0.59 for occlusal
radiographs and 0.31 and 0.45 for periapical radio-
graphs, respectively. There were no significant differ-
ences in original root-length measurements between
occlusal and periapical radiographs (matched paired t-
test).

Evaluation of Frontal and Lateral Cephalometric
Radiographs

Cephalometric radiographs of all patients acquired at
the eruption of U1 (T0), T1, and T2 were evaluated for
dentofacial morphological characteristics. The radio-
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Figure 2. Frontal cephalometric analysis. A, noncleft side; B, cleft
side; a, long-axis angle (°); b, U1-root-VL distance (mm). U1
indicates maxillary incisor; VL, vertical line; HL, horizontal line; CA,
central incisal axis.

graphs were traced by the authors, and the angles
were determined using WinCeph 9.0 software (Com-
pudent, Koblenz, Germany). Distances were measured
using digital calipers.

Figure 2 presents the frontal cephalometric variables
evaluated. Two reference lines, a horizontal line (HL)
connecting the right and left latero-orbitale points and a
vertical line (VL) through the center of the crista galli
perpendicular to HL, were traced for the vertical and
horizontal measurements. The internal angle between
HL and central incisal axis CA was defined as the U1-
axis angle (a, Figure 2). The horizontal distance
between the VL and the root apex of U1 was defined
as the U1-root-VL distance (b, Figure 2).

The inclination and position of U1 were determined
by lateral cephalometric analysis (Figure 3). Axial
proclination of U1 to the anterior cranial base was

Table 2. Comparison of Central Incisor Root Length Between the Cleft and Noncleft Sides and Results of Fixed-Effects Analysis

Noncleft Side, Cleft Side,
n =230 n =230

Measurement

Fixed Effects

Noncleft or Cleft

Noncleft or Cleft x

Period, T1 and T2° Period, T1 and T2

Adjusted Mean  Adjusted Mean P Value®

FValue P Value® F Value P Value® F Value P Value®

Root length (mm)

T1 14.46 12.81 .003*
T2 13.07 11.63 .010”
P value, T1 vs T2 .013* .036"

15.628  <.001*** 10.747 <.001*** 0.075 NS

@ Pvalues derived using a generalized linear model with each patient being considered as the covariate. Indicates significance at P < .05 after
Bonferroni adjustment for multiple comparisons. NS indicates not significant.
® T1, less than 6 months prior to secondary bone grafting; T2, after edgewise treatment.

*P < .05; **P < .001.
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U1 long axis line

NA line NA line

Figure 3. Lateral cephalometric analysis. a, U1-SN angle (°); b, U1—
NA angle (°); ¢, U1-root-NA distance (mm). U1 indicates maxillary
incisor; SN, sella—nasion; NA, nasion.

determined by the angle between the long axis of U1
(U1 long-axis line) and the sella-nasion (SN) plane
(U1-SN angle; a, Figure 3). According to the Steiner
analysis, the relationship between U1 and nasion (NA)
line (line from NA to point A) indicates the relative
protrusion of teeth. The distance between the U1 root
apex and the NA line (U1-root-NA distance; distance c,
Figure 3) and the angle between the long axis of U1
and the NA line (U1-NA angle; b, Figure 3) were
determined.

For the assessment of intraexaminer reproducibility
and reliability of the measurements, 30 each of
randomly selected frontal and lateral cephalometric
radiographs (TO, T1, and T2, 10 each) were retraced
after a minimum interval of 2 months. The evaluation of
discrepancies in measurements between the original
and retraced radiographs (matched paired t-test)
revealed no statistically significant differences.

Evaluation of Orthodontic Appliances Used

Most of the patients received treatment with some
orthodontic appliance such as a maxillary protraction
appliance (MPA), rapid maxillary expansion, or quad
helix before edgewise treatment. Data regarding the
type of appliance were obtained from medical records.
It was also investigated whether each of the patients
did or did not receive any of the three types of
appliances.

Statistical Analysis

Measurements (R1, R2, and cephalometric param-
eters) recorded on the noncleft and cleft sides at each
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Figure 4. Occlusal radiographs showing central incisors before
secondary alveolar bone grafting (T1) and after edgewise treatment
(T2) in a patient with unilateral cleft lip and palate on the left side.

time point were compared using generalized linear
models adjusted for measurement period and individ-
ual (each patient) effects. Statistical significance was
set at P < .05 after Bonferroni adjustment for multiple
comparisons. The linear mixed model approach for
longitudinal comparison across time points and varying
data hierarchies was used (highest-level hierarchy:
patients or treatment appliances used; next level down:
cleft/noncleft side or root length and cephalometric
measurements on each side). The probability of
significance was calculated for each comparison.
Statistical tests were performed using SPSS version
24.0 for Windows (IBM, Armonk, N.Y.).

RESULTS

Both R1 and R2 on the cleft side were significantly
shorter than those on the noncleft side (P =.003 and
.010, respectively, Table 2). Figure 4 presents occlusal
radiographs of a typical case of UCLP. On both sides,
R2 was significantly shorter than R1. However, there
was no statistically significant change in the root length
measurement over time on the noncleft side (P > 0.05,
Table 2), which indicated that there was no significant
difference in root resorption from T1 to T2 between the
two sides. Therefore, the next step investigated the
reason why R1 on the cleft side was shorter than that
on the noncleft side.

Almost all frontal and lateral cephalometric mea-
surements on the cleft side differed significantly from
those on the noncleft side at each period (Table 3).
There was no statistically significant change in
cephalometric measurements over time on the noncleft
side (Table 4), which indicated that there was no
significant difference in tooth movement from TO and
T1 between the two sides. However, the statistically
significant U1-root-VL distance at TO X noncleft for the
R1 indicated a differential tooth position in cephalo-
metric measurements according to the side (noncleft or
cleft side; P=0.044; Table 5).

The effects of orthodontic treatment appliances on
R1 were evaluated. The MPA significantly affected the
R1; however, other appliances and each appliance X
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Table 3. Comparison of Cephalometric Measurements Between the
Cleft and Noncleft Sides and Among Different Periods
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Table 5. Relationship Between Cephalometric Measurements on the
Noncleft or Cleft Side at TO and Root Length at T1

Noncleft Side, Cleft Side,

n=230 n =30
Adjusted Adjusted P
Measurements® Mean Mean Value®
Frontal cephalometric analysis
U1-axis angle (°)
TO 90.77 72.05 <.001***
T1 94.48 72.60 <.001***
T2 94.27 81.66 <.001***
P value, TO vs TH1 NS NS
P value, T1 vs T2 NS <.001***
U1-root-VL distance (mm)
TO 5.74 -0.63 <.001***
T1 5.61 —0.08 <.001***
T2 4.84 2.16 <.001***
P value, TO vs T NS NS
P value, T1 vs T2 NS <.001***
Leteral cephalometric analysis
U1-SN angle (°)
TO 91.11 85.70 .013*
T1 94.51 90.30 NS
T2 101.63 101.43 NS
P value, TO vs T1 NS NS
P value, T1 vs T2 .003** <.001***
U1-NA angle (°)
TO 14.02 7.95 .004**
T1 17.39 13.19 .045*
T2 26.83 25.62 NS
P value, TO vs T1 NS .035*
P value, T1 vs T2 <.001*** <.001***
U1-root-NA distance (mm)
TO -7.10 —5.01 <.001***
T1 -5.57 —4.40 .007**
T2 —5.57 —4.47 .007**
P value, TO vs T1 .007** NS
P value, T1 vs T2 NS NS

2 U1 indicates central incisor; TO, at eruption of U1; T1, less than 6
months prior to secondary bone grafting; T2, afer edgewise
treatment; VL, vertical line; SN, sella—nasion; NA, nasion-point A.

® P values derived using a generalized linear model with each
patient being considered as the covariate. Indicates significance at P
< .05 after Bonferroni adjustment for multiple comparisons. NS
indicates not significant.

*P < .05; **P < .01; ***P < .001.

Root Length at T1 (R1)

Fixed Effects® F Value P Value®
Noncleft or cleft side 0.279 NS
U1-axis angle at TO (°) 0.047 NS
U1-root-VL distance at TO (mm) 1.299 NS
U1-SN angle at TO (°) 0.045 NS
U1-NA angle at TO (°) 0.172 NS
U1-root-NA distance at TO (mm) 0.011 NS
U1-axis angle at TO X noncleft side 0.810 NS
U1-root-VL distance at TO X noncleft side  4.234 .044°
U1-SN angle at TO X noncleft side 1.199 NS
U1-NA angle at TO X noncleft side 3.879 NS
U1-root—-NA distance at TO X noncleft side  1.423 NS

2 U1 indicates central incisor; TO, at eruption of U1; T1, less than 6
months prior to secondary bone grafting; VL, vertical line; SN, sella—
nasion; NA, nasion-point A.

® Pvalues derived using the mixed model approach. NS indicates
not significant.

° The estimated value was 0.742 (standard error, 0.36) when the
U1-root-VL distance on the noncleft side was compared with that on
the cleft side.

*P < .05.

noncleft did not (Table 6). There was no statistically
significant change in cephalometric measurements
over time on the patients treated without MPA (Table
7), which indicated that there was no significant
difference in tooth movement from TO to T1 between
with or without MPA. Patients treated with MPA
exhibited significantly shorter R1 in all U1 on the
noncleft side than did patients treated without MPA (P
=.013 and .035, respectively, Table 8); there was no
significant difference in R1 on the cleft side between
the two groups of patients. In patients treated without
MPA, R1 on the cleft side was significantly shorter than
that on the noncleft side (P = .005, Table 8). In
contrast, in patients treated with MPA, there was no
significant difference in R1 between the two sides
(Table 8).

Table 4. Results of Fixed-Effects Analysis of Cephalometric Measurements

Fixed Effects

Noncleft or Cleft

Noncleft or Cleft X

Period, TO and T1 Period, TO and T1
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Measurements® F Value P Value® F Value P Value® F Value P Value®

Frontal cephalometric measurements

U1-axis angle (°) 280.181 <.001*** 3.091 NS 0.196 NS

U1-root-VL distance (mm) 430.318 <.001*** 0.498 NS 1.374 NS
Lateral cephalometric measurements

U1-SN angle (°) 13.763 <.001*** 9.519 .003** 0.218 NS

U1-NA angle (°) 17.168 <.001*** 12.034 .001** 0.570 NS

U1-root-NA distance (mm) 29.885 <.001*** 11.206 .001** 1.800 NS

2 U1 indicates central incisor; TO, at eruption of U1; T1, less than 6 months prior to secondary bone grafting; VL, vertical line; SN, sella—nasion;
NA, nasion-point A.

® P values derived using the mixed model approach. NS indicates not significant.

**P < .01; **P < .001.

Angle Orthodontist, Vol 87, No 6, 2017
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Table 6. Relationship Between Treatment Appliances on the Noncleft
or Cleft Side and Root Length at T1®

Root Length at T1 (R1)

Fixed Effects F Value P Value®

Treated with

MPA, N = 12 5.90 .021*

QH, N =22 1.30 NS

RME,N =7 1.23 NS
Treatment with MPH on the noncleft side® 2.63 NS
Treatment with QH on the noncleft side® 1.37 NS
Treatment with RME on the noncleft side® 0.10 NS

# T1 indicates less than 6 months prior to secondary bone grafting;
MPA, maxillary protraction appliance; QH, quad helix; RME, rapid
maxillary expansion.

® Pvalues derived using the mixed model approach. NS indicates
not significant.

° Both sides were nested within each treatment appliance.

*P < .05.

DISCUSSION

Computed tomography is the most reliable method
for measurement of actual dental root length.™
However, it was not possible to employ this method
in this retrospective study. Previous studies have
routinely used periapical radiographs for measurement
of root length.>'® The present study employed occlusal
radiographs for measurement of U1 root length
because there were only a few periapical radiographs
available that included U1 on both the noncleft and
cleft sides. However, there were no significant differ-
ences in original root length or ME between occlusal
radiographs acquired after edgewise treatment and
periapical radiographs of U1 acquired during the same
period. Therefore, root length measurement using
occlusal radiographs acquired after edgewise treat-
ment was judged to be an acceptable method. An
issue encountered during measurement of U1 root
length was that anteroposterior inclinations of U1 on
the noncleft side at T1 were significantly different from

those on the cleft side, although the corresponding
measurements at T2 on both sides were comparable;
this discrepancy was rectified by applying CFs
calculated in accordance with crown heights at T1
and T2. We believe that the methods used to evaluate
U1 root length on the noncleft and cleft sides using
occlusal radiographs were acceptable.

In the present study, cleft-adjacent U1 roots were
shorter than non-cleft-adjacent U1 roots at T1 (just
before SBG). Previous studies have reported asym-
metric tooth formation patterns in patients with unilat-
eral CLP.** One of the etiological factors for delayed
tooth formation in the maxillary cleft is the lack of space
for tooth formation in the cleft area'™ and growth
attenuation due to inadequate nutrition.® Upon frontal
cephalometric analysis, the U1-root—VL distance at TO
on the cleft side was found to be lower than that on the
noncleft side; this variable was statistically correlated
with root length at T1. During treatment, care was
taken to avoid movement of roots into the cleft area
before SBG. Consequently, the root-apex position on
the cleft side had not changed significantly between TO
and T1. This suggests that cleft-adjacent U1 with the
root-apex position shifted to the noncleft side at TO
might have had short roots because of a lack of space
for development on the cleft side.

At T2, the roots of cleft-adjacent U1 were shorter
than those of U1 on the noncleft side, similar to the
trend at T1. However, there was no significant
difference in the change in root length from T1 to T2
between the two sides. The cleft and noncleft sides
exhibited comparable root resorption in U1 between T1
and T2. Short dental root length on the cleft side after
edgewise treatment (R2) might be correlated with root
length before SBG (R1).

Root resorption between TO and T1 could not be
evaluated because the root apices at TO had not
closed yet and, consequently, it was not possible to
measure the root length. However, most patients with

Table 7. Results of Fixed-Effects Analysis of Cephalometric Measurements in Patients Without MPA

Fixed Effects

Without MPA X

Without MPA Period, TO and T1 Period, TO and T1
Measurements® F Value P Value® F Value P Value® F Value P Value®

Frontal cephalometric measurements

U1-axis angle (°) 0.123 NS 2.427 NS 0.218 NS

U1-root-VL distance (mm) 1.979 NS 0.286 NS 0.009 NS
Lateral cephalometric measurements

U1-SN angle (°) 4.656 .039* 8.387 .005** 0.301 NS

U1-NA angle (°) 3.918 NS 10.809 .001** 0.173 NS

U1-root-NA distance (mm) 4.441 .046* 11.506 .001** 0.586 NS

2 U1 indicates central incisor; TO, at eruption of U1; T1, less than 6 months prior to secondary bone grafting; MPA, maxillary protraction
appliance; VL, vertical line; SN, sella—nasion; NA, nasion-point A.

® P values derived using the mixed model approach. NS indicates not significant.

*P < .05; **P < .01.

Angle Orthodontist, Vol 87, No 6, 2017
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Table 8. Comparison of U1 Root Length Between Patients and Sides Treated With and Without MPA?*

Without MPA, N = 18

With MPA, N = 12 Without vs With MPA

Adjusted Mean P Value®

Adjusted Mean P Value® P Value®

All Teeth, Noncleft Cleft Noncleft vs

Measurement

All Teeth, Noncleft Cleft Noncleft vs All
n =36 Uls Side Side Cleft Sides n =24 Uls Side Side Cleft Sides Teeth Side Side

Noncleft  Cleft

Root length at T1 (mm) 14.27 1523 13.08 .005**

12.75 13.31 1247 NS .013* .035” NS

* U1 indicates central incisor; T1, less than 6 months prior to secondary bone grafting; MPA, maxillary protraction appliance.
® Pvalues derived using a generalized linear model with each patient being considered as the covariate. Indicates significance at P < .05 after
Bonferroni adjustment for multiple comparisons. NS indicates not significant.

*P < .05; P < .01.

UCLP in the present study had received treatment with
orthodontic appliances between TO and T1. Root
length in patients treated with MPA was significantly
shorter than that in patients treated without MPA,
although there were no significant differences in
changes observed in frontal and lateral cephalometric
measurements between the two groups. Some studies
have reported that external apical root resorption is
associated with the type of loading force used.”'® An
orthodontic force of approximately 350 g per side was
applied with the MPA, with part of this force transmitted
as intermittent force to the maxillary anterior teeth
through oral appliances such as a lingual arch.
Intermittent orthodontic force has been shown in some
studies to have caused less root resorption than
continuous force of the same magnitude.’®'” On the
other hand, in another study, force exerted by J-hook
headgear (force applied continuously at night and then
completely released during the day) caused greater
root resorption than the force applied by tightening a
ligature tied from a miniscrew to cause intrusion.’ The
authors of that study suggested that intermittent
orthodontic forces such as those exerted by J-hook
headgear might cause “jiggling,” which is a known risk
factor for external apical root resorption. Recently, a
study in rats suggested that jiggling might be a risk
factor for root resorption and that it might induce root
resorption through production of inflammatory cyto-
kines during orthodontic tooth movement.” Jiggling
due to the MPA in this study might have caused root
resorption or prevented root formation, resulting in
short dental roots before SBG. Therefore, treatment
with MPA should be started at an early stage, before
the eruption of maxillary permanent U1, to decrease
the treatment period with MPA after U1 eruption. In
addition, maxillary protraction with skeletal anchorage
should be considered during the mixed dentition
period.

In patients with UCLP, the root lengths of U1 were
found to be comparatively short on the cleft side and in
teeth treated with MPA. The implications of these
findings should be reflected in the treatment plan for
UCLP patients.

CONCLUSIONS

- Central incisor roots on the cleft side were shorter
than those on the noncleft side both before SBG and
after edgewise treatment.

« At eruption and before SBG, cleft-adjacent U1

exhibited a greater shift of the root apex toward the

noncleft side than did non-cleft-adjacent U1. This
parameter was correlated with root length.

Root length just before SBG in patients who received

treatment with MPA was significantly shorter than

that in patients who received treatment without MPA.

Thus, orthodontic force exerted by the MPA might

result in short dental roots.
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