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Long-term stability of maxillary protraction therapy in Class lll patients with

complete unilateral cleft lip and palate

Yixin Zhang?; Zhen Fu®; Haichao Jia®; Yiping Huang?; Xiaobei Li°; Hao Liu°; Weiran Li

ABSTRACT

Objectives: This study evaluated the long-term stability of maxillary protraction (MP) in patients
with complete unilateral cleft lip and palate (UCLP) and identified factors influencing relapse and
long-term outcomes.

Materials and Methods: Twenty-three adolescents with UCLP who underwent MP therapy were
recalled when craniofacial growth was close to completion. Subjects exhibiting reverse/positive
overjets were assigned to unstable/stable groups. Lateral cephalometric measurements were made
before treatment (TO0), after active treatment (T1), and at the end of the growth spurt (T2).
Results: About 63% of the subjects exhibited positive overjets during follow-up. The unstable
group demonstrated higher B—x and Co—Gn distances than the stable group (both P < .05) at TO.
More short-term (TO-T1) sagittal advancement of point A (A—y) was evident in the unstable group
than in the stable group (P < .05), but no long-term difference was apparent between the two
groups (P = .481). During the posttreatment period (T1-T2), the SNA angle and maxillary incisor
protrusion (U1-SN angle) were considerably lower in the unstable group than in the stable group
(both P < .05). Overall, the unstable group exhibited a lower increase in the vertical extent of point
A (A—x) than the stable group from TO to T2 (P < .05).

Conclusions: In the long term, MP affords favorable maxillary advancement in patients with UCLP.
A mandibular excess at TO and vertical maxillary hypoplasia may contribute to the long-term
relapse of a reverse overjet. (Angle Orthod. 2019;89:214-220.)
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malocclusion; Long-term stability
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INTRODUCTION

Almost 70% of adolescents with unilateral complete
cleft lip and palate (UCLP) exhibit skeletal Class Il
malocclusion caused by maxillary retrusion,'? trigger-
ing functional, esthetic, and psychological problems.
Many studies have shown that favorable skeletal
relationships are evident immediately after active
maxillary protraction (MP) in growing patients with
UCLP.** However, such adolescents remain in active
growth, and reversion to the Class lll relationship may
occur after growth is complete.® Thus, the long-term
stability of MP in patients with UCLP warrants attention.

Previous studies found that relapse to a reverse
overjet occurred in 24% to 33% of MP-treated patients
without cleft.° A large gonial angle, a steep mandibular
plane, a large mandibular body and/or ramus, an
increased posterior facial height, and an acute cranial
base angle were predictors of unfavorable progno-
ses.?'%'2 Compared with a successful group before MP,
Choi et al.? found that an unsuccessfully treated group
exhibited more horizontal displacement of points A and
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Figure 1. Landmarks.

B and pogonion, lower Wits appraisal values, greater
anterior facial heights. and smaller articular angles.

The outcomes of MP for patients with UCLP may
differ from those for patients without cleft because
patients with UCLP exhibit cleft-related maxillary
deformities and palatal scar tissues.>'®* To date, only
a single study has explored the long-term effects of MP
in patients with UCLP.® Such patients exhibited
considerable variations in facial growth to the time of
growth completion. However, only 11 subjects were
enrolled and some had extremely severe skeletal
problems. No study has yet compared the stable and
unstable subjects after follow-up or identified factors
affecting relapse and long-term MP outcomes. Thus,
predictive factors for long-term stability of MP therapy
in patients with UCLP after their adolescent growth
spurt were identified in this study.

MATERIALS AND METHODS

Study Design and Participants

This retrospective cohort study complied with all
relevant tenets of the Declaration of Helsinki and was
approved by the Institutional Review Board of Peking
University Hospital of Stomatology. All participants
gave written informed consent. The records of 23
patients (16 boys and 7 girls) with UCLP who
underwent MP therapy between 2009 and 2013 at
the Cleft Lip and Palate Centre of Peking University
Hospital of Stomatology were collected. Patients were
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asked to record their height every 3 months and were
followed up annually. When the annual increase in
height fell to <2 mm, dental models and lateral
cephalography were performed. Patients who retained
positive overjet were assigned to the stable group, and
those exhibiting relapse to a negative overjet were
assigned to the unstable group.® Primary cheiloplasty
had been performed using the modified Millard
technique at 3-6 months of age. The modified von
Langenbeck method was applied at 8-10 months of
age. Alveolar bone grafting was performed at the age
of 9-11 years, before MP therapy. The inclusion
criteria were an operated nonsyndromic UCLP, an
anterior crossbite with an ANB angle between —4° and
0° before MP (T0),"®'* cervical vertebral maturation
stage (CVMS) |-l at TO (10.7 = 1.1 years), bone
grafting of Bergland scale type | or Il,'®* consecutive and
successful active MP treatment (creating a positive
overjet at T1), and a CVMS of stage IV-V after recall
(T2: 16.1 = 1.6 years)."® Subjects with additional
congenital anomalies or temporomandibular disorders
were excluded. Four boys were excluded because of a
loss of contact (n = 1), failure to achieve a clinically
normal overjet after MP therapy (n = 1), and
continuation of the growth spurt (n = 2). Thus, 19
patients (12 boys and 7 girls) were enrolled. The
durations of protraction and follow-up were 1.8 = 0.8
and 3.5 £ 1.4 years, respectively.

MP Treatment Protocol

All patients were treated by a single orthodontist
(W.L.) using a standard protocol. A Hyrax appliance
was attached to the upper first molars and premolars/
deciduous molars. A bite block was placed in the lower
arch to eliminate incisor interference. Patients were
instructed to wear the facemask for at least 12 h/d. The
elastic force (450-500 g per side) from the canine
region was oriented downward and forward to the
occlusal plane. Facemask therapy was discontinued
after a positive anterior overjet was obtained and
posterior occlusal stability achieved.

Cephalometric Analysis

Lateral cephalograms were taken before MP treat-
ment (TO), after active treatment (T1), and at the time of
recall (T2) using the same cephalostat (in centric
occlusion) for all patients. Cephalometric analyses
were performed with the aid of Dolphin software
(version 11.7; Dolphin Imaging & Management Solu-
tions, Chatsworth, Calif). A horizontal reference plane
drawn at 7° clockwise from the sella—nasion line (at
sella) served as the x-axis, and a vertical line drawn
perpendicular to the x-axis through point S as the y-
axis (Figure 1). Sixteen dentoskeletal variables were
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Table 1. Definitions of Cephalometric Variables

ZHANG, FU, JIA, HUANG, LI, LIU, LI

Maxillomandibular

Variables Definitions
Maxillary
SNA (°) Angle between A point and sella at nasion
A-y (mm) Horizontal distance from point A to a plane drawn perpendicularly to SN-7° plane (a horizontal plane angulated 7°
clockwise to the SN plane) at S point
A-x (mm) Vertical distance from point A to SN-7° plane (a horizontal plane angulated 7° clockwise to the SN plane)
Ptm-A/PP (mm) Distance between A point and Ptm projected on the PP plane (palatal plane), respectively
SN/PP (°) Angle between the SN plane and PP plane (palatal plane)
Mandibular
SNB (°) Angle between B point and sella at nasion
B-y (mm) Horizontal distance from point B to a plane drawn perpendicularly to SN-7° plane (a horizontal plane angulated 7°
clochwise to the SN plane) at S point
B-x (mm) Vertical distance from point B to SN-7° plane (a horizontal plane angulated 7° clochwise to the SN plane)
Co-Gn (mm) Total mandibular length
MP-SN (°) Angle between the mandibular plane and SN plane, representing the mandibular inclination

Distance between the points of perpendiculars tracing from points A and B contact on the occlusal plane,

Angle between the long axis of the upper central incisor and the SN plane, determining the inclination of the

ANB (°) Angle between A point and B point at nasion
Wits (mm)
indicating the relative position of maxilla and mandible anteroposteriorly
Dental
U1-SN (°)
central incisor relative to the anterior cranial base
IMPA (°)

Angle between the long axis of the lower central incisor and the mandibular plane, determining the axial inclination

between the mandibular incisor and the inferior border of the mandible

Overjet (mm)
posterior axis
Overbite (mm)

Distance between the maxillary anterior teeth ridges and the mandibular anterior teeth ridges in the anterior-

Distance between the maxillary anterior teeth ridges and the mandibular anterior teeth ridges in the vertical axis

selected for analysis (Table 1). All landmarks were
traced by one investigator (Y.Z.) and confirmed by
another investigator (X.L.). To assess intra-examiner
reliability, the same investigator (Y.Z.) retraced and
measured five randomly selected pairs of variables
from each time point after a 2-week interval.

Statistical Analysis

The one-sample Kolmogorov-Smirnov test was used
to confirm the normality of all cephalometric measure-
ments. Intragroup cephalometric values were com-
pared between pairs of time points using the paired
test. After implementing Levene’s test of equality of
variance, two-sample f-tests were used to compare age
characteristics and cephalometric changes between
the stable and unstable groups. Fisher’s exact test was
used to detect intergroup, sex distribution differences.
SPSS software version 20.0 (IBM Corp, Armonk, NY)
was used for all statistical analyses. A P value < .05
was considered to reflect statistical significance.

RESULTS

The intraclass correlation coefficients ranged from
0.86 to 0.99, evidencing a high degree of reliability.
After follow-up, 7 patients (5 boys, 2 girls) exhibiting
relapse to an anterior crossbite were allocated to the
unstable group, and 12 patients (7 boys, 5 girls) to the
stable group. Thus, the stability rate was 63.2% (12 of
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19 patients). The mean ages at all stages and the sex
distributions were similar between the stable and
unstable groups (all P > .05; Table 2).

Cephalometric Values at TO, T1, and T2

The short-term, follow-up, and long-term results after
MP therapy for all 19 patients are summarized in Table
3. The SNA angle increased significantly (2.8°) from TO
to T1, and then decreased by about 50% from T1 to T2.
The sagittal advancement of point A (A—y) was 3.4 mm
in the short-term and remained stable during follow-up.
The maxillary length (Ptm—A/PP) increased by 1.6 mm
after therapy and remained almost unchanged from T1
to T2. The vertical movement of point A (A—X)
increased significantly to T1 and also during follow-
up. The palatal plane angle decreased by 1.7° from TO
to T1 but relapsed at T2. The MP-SN angle increased
significantly after MP therapy but relapsed to the initial
value during follow-up. The overjet and the Wits value
increased significantly with time. The extent of overbite
decreased from TO to T1 and then did not change from
T1 to T2. Overall, both the upper and lower incisors
showed proclination.

Pretreatment Differences Between the Stable and
Unstable Groups

Table 4 shows that the maxillary position (A—y, A—x)
and length (Ptm—A/PP) were similar in both groups at
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Table 2. Characteristics of Participants
Total (n = 19) Stable (n = 12) Unstable (n = 7) P

Sex (n, %)

Male 12 (63.2%) 7 (58.3%) 5 (71.4%) .656°

Female 7 (36.8%) 5 (41.7%) 2 (28.6%)
Age at TO (y)? 10.7 £ 11 105 £ 1.3 11.1 = 0.6 2140
Age at T1 (y)* 125 =14 124 =17 12.8 = 0.7 ATTY
Age at T2 (y) 16.1 + 1.6 16.1 = 1.7 16.0 = 1.4 8460
Treatment duration from TO to T1 (y) 1.8 £0.8 1.8 £1.0 1.7 £ 03 .640°
Follow-up period from T1 to T2 (y) 3514 3815 32*x12 416°
Overall period from TO to T2 (y) 53+ 13 56 1.3 49 £12 .254°

2 TO indicates before treatment; T1, after the active treatment; T2, at the end of long-term follow-up.
® The age difference between the stable and unstable groups with two-sample t-test.
° Sex distribution difference between the stable and unstable group with Fisher exact test.

* P < .05.

TO. However, the vertical distance of B point from the x-
axis was significantly longer in the unstable than in the
stable group (B—x, 83.54 + 5.65 mm vs 79.15 = 3.12
mm; P < .05). Also, mandibular length was greater in
the unstable group (Co-Gn, 108.16 = 5.29 mm vs
102.22 = 5.27 mm; P < .05). Although statistical
significance was not attained, the unstable group had a
greater mandibular plane angle (MP-SN, 38.49 =
6.26° vs 36.29 = 6.37° P = .476) and a lower ANB
angle (ANB, —2.63 = 0.69° vs —1.74 = 1.26° P=.064)
at TO than the stable group.

Short-Term Differences Between the Stable and
Unstable Groups

Short-term (TO-T1) changes in the stable and
unstable groups after MP therapy are shown in Table

5. Compared with the stable group, the unstable group
exhibited more sagittal advancement of point A (A-y,
519 + 2.86 mm vs 2.29 * 2.72 mm; P < .05). No
other difference was evident.

Changes During Follow-Up Between the Stable and
Unstable Groups

As shown in Table 5, the unstable group exhibited
about 0.67 mm backward movement from point A,
whereas the stable group exhibited 1.18 mm of further
advancement from T1 to T2. Moreover, the SNA angle
decreased more in the unstable than in the stable
group after treatment (-3.24 = 1.49° vs —0.46 *+ 2.33%;
P < .05). During this period, remarkable decreases in
the ANB angle, maxillary incisor protrusion (U1-SN),

Table 3. Cephalometric Analyses of All 19 Partiicipants at TO, T1, and T2=

To0, T, T2, T1-TO T2-T1 T2-TO
Variable Mean (SD) Mean (SD) Mean (SD) Mean (SD) P Mean (SD) P Mean (SD) P

Maxillary

SNA (°) 7456 (3.07) 77.34 (3.95) 75.86 (3.84) 2.78 (2.63) <.001*** —1.48 (2.44) .016* 1.30 (2.64) .046*

A-y (mm) 53.46 (4.58) 56.82 (4.98) 57.31 (5.64) 3.36 (3.05) <.001***  0.49 (2.72) 438 3.85 (3.01) <.001***

A-x (mm) 45.62 (2.31) 47.66 (3.27) 51.25 (2.59) 2.04 (2.11) .001** 3.59 (8.12) <.001***  5.63 (1.89) <.001***

Ptm-A/PP (mm) 38.34 (3.36) 39.95 (3.37) 40.23 (3.83) 1.62 (1.97) .002** 0.27 (2.02) .563 1.89 (2.40) .003**

SN/PP (°) 10.58 (2.32) 8.91 (3.31) 9.36 (2.97) —1.68 (2.92) .022* 0.46 (2.62) 457 —1.22 (3.11) 104
Mandibular

SNB (°) 76.85 (3.40) 75.84 (4.15) 77.20 (4.77) —1.01 (2.14) .054 1.36 (2.34) .021* 0.35 (2.47) .548

B-y (mm) 51.63 (6.45) 50.49 (8.10) 55.00 (10.06) —1.14 (4.08) .238 4.51 (4.87) .001** 3.37 (5.14) .010*

B-x (mm) 80.77 (4.61) 85.92 (5.27) 89.77 (4.81) 5.15(3.52) <.001***  3.85(3.28) <.001***  9.00 (3.83) <.001***

Co-Gn (mm) 104.41 (5.91) 108.76 (7.42) 116.44 (8.52) 4.36 (3.52) <.001***  7.67 (4.70) <.001*** 12.03 (4.96) <.001***

MP-SN (°) 37.10 (6.25) 38.51 (6.96) 37.05 (7.28) 1.41 (2.42) .021*  —1.46 (3.00) .047*  —0.05 (2.58) .930
Maxillomandibular

ANB (°) —2.29 (1.15) 1.50 (1.82) —1.34 (3.13) 3.79 (1.75) <.001*** —2.84 (2.64) <.001***  0.95 (2.74) .247

Wits (mm) —4.29 (2.96) 0.41 (3.32) —2.83(3.82) 4.71 (2.88) <.001*** —3.24 (2.99) <.001***  1.47 (2.95) .044*
Dental

U1-SN (°) 95.09 (4.92) 103.95 (6.72) 105.53 (5.79 8.86 (5.85) <.001***  1.58 (6.77) .267 10.44 (5.77) <.001***

( (6.7 (5.79)
IMPA () 83.83 (6.98) 83.96 (6.97) 85.99 (5.63)
Overiet (mm)  —3.52 (0.99)  2.13(1.09) —0.11 (2.67)

Overbite (mm) 318 (1.26) 0.88 (1.12)  0.71 (0.84)

0.13 (3.89)  .327
5.65 (1.43) <.001*** —2.24 (2.64) .003*
—231 (1.77) <.001™* —0.17 (1.22) .717

2.03 (4.08) .237 2.17 (3.78)  .038"
3.41 (2.40) <.001***

—2.48 (1.69) <.001***

2 TO indicates before treatment; T1, after the active treatment; T2, at the end of long-term follow-up.

* P < .05; ** P < .01; ** P < .001 according to paired Student t test.

Angle Orthodontist, Vol 89, No 2, 2019
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Table 4. Cephalometric Differences Between the Stable and Unstable Groups at TO (Before Treatment)

Variable Stable, Mean (SD) Unstable, Mean (SD) Unstable-Stable, Mean (SD) P
Maxillary
SNA () 74.41 (2.23) 75.43 (4.23) 1.02 (1.47) 377
A-y (mm) 53.61 (4.54) 53.20 (4.99) —0.41 (2.24) .857
A-x (mm) 45.13 (1.92) 46.47 (2.80) 1.34 (1.08) 229
Ptm-A/PP (mm) 38.38 (3.44) 38.26 (3.48) —0.12 (1.64) .940
SN/PP (°) 10.92 (2.55) 10.01 (1.89) —0.91 (1.11) 429
Mandibular
SNB () 76.15 (2.69) 78.06 (4.32) 1.91 (1.60) 249
B-y (mm) 51.08 (5.95) 52.57 (7.64) 1.49 (3.14) .641
B-x (mm) 79.15 (3.12) 83.54 (5.65) 4.39 (1.99) .041*
Co-Gn (mm) 102.22 (5.27) 108.16 (5.29) 5.94 (2.51) .030*
MP-SN (°) 36.29 (6.37) 38.49 (6.26) 2.20 (3.01) 476
Maxillomandibular
ANB (°) —1.74 (1.26) —2.63 (0.69) —0.89 (0.45) .064
Wits (mm) —3.82 (3.03) —5.11 (2.88) —1.29 (1.42) 372
Dental
U1-SN (°) 93.87 (5.41) 97.19 (3.27) 3.32 (2.27) 161
IMPA (°) 84.63 (7.87) 82.46 (5.40) —2.17 (3.05) 488
Overjet (mm) —3.26 (0.82) —3.96 (1.16) —0.70 (0.45) 142
Overbite (mm) 3.48 (1.32) 2.69 (1.06) —0.79 (0.59) 196

* P <.05;* P<.01; ** P < .001 according to two-sample t test.

and overjet were evident in the unstable compared with
the stable group (all P < .05).

Long-Term Differences Between the Stable and
Unstable Groups

Long-term (TO-T1) changes in the stable and
unstable groups are shown in Table 5. From TO to

T2, the changes in the A—y distance and SNA angle did
not differ between the groups (both P > .05). However,
the unstable group exhibited a lower increase in the
vertical distance of point A than the stable group from
TO to T2 (A—x, 4.43 = 1.64 mm vs 6.33 = 1.71 mm; P
< .05). Also, the overall maxillary incisor protrusion
(U1-SN) and overjet of the unstable group fell to
greater extents than in the stable group (both P < .05).

Table 5. Comparison of Cephalometric Changes Between the Stable and Unstable Groups®®

Stable vs Unstable o,

Stable vs Unstable .,

Stable vs Unstable -,

Variable Stable Unstable P Stable Unstable P Stable Unstable P

Maxillary

SNA () 2.08 (2.33) 3.99 (2.86) .132 —0.46 (2.33) —3.24 (1.49)  .012* 1.62 (2.74) 0.75(257)  .498

A-y (mm) 2.29 (2.72) 5.19 (2.86) .042* 1.18 (2.96) —0.67 (1.89) .159 3.47 (3.24) 4.52 (2.69) .481

A-x (mm) 212 (227) 1.91(1.98) .847 4.22 (3.28 251 (2.69) .262 6.34 (1.71)  4.42 (1.64)  .029*

Ptm-A/PP (mm) 1.31 (2.31) 2.14 (1.14) .388 0.53 (2.16) —0.16 (1.84) 494 1.84 (2.65) 1.98 (2.10) .898

SN/PP (°) —1.04 (3.21) —2.77 (2.13) .223 0.06 (2.81 114 (2.29)  .400 -0.98 (2.94) -1.63(3.58) .675
Mandibular

SNB () —~1.63 (1.81)  0.04 (2.38) .102 1.42 (2.63 1.26 (1.93)  .891 —0.21 (2.28)  1.30 (2.67)  .208

B-y (mm) —-2.42 (3.37) 1.04 (4.51) .073 4.32 (5.14 4.84 (4.75) .828 1.90 (4.50) 5.88 (5.52) 104

B-x (mm) 5.81 (3.89) 4.03 (2.68) .301 3.80 (2.88 3.93 (4.12) .937 9.61 (3.66) 7.96 (4.18) .380

Co-Gn (mm) 4.19 (4.00) 4.64 (2.78) .796 7.19 (4.93 8.50 (4.54) 574 11.38 (4.56) 13.14 (5.77) 472

MP-SN (°) 1.81 (2.26) 0.73 (2.72) .364 —1.36 (3.48 —1.64 (2.17) .848 0.45 (2.66) —0.91 (2.40) 279
Maxillomandibular

ANB (°) 3.71 (2.03) 3.95 (1.14) .41 —1.88 (2.14) —4.50 (2.59) .021* 1.83 (2.30) —0.55 (3.10) .109

Wits (mm) 4.55 (3.09) 497 (2.70) .768 —2.40 (2.41) —4.67 (3.52) 112 2.15 (2.29) 0.30 (3.74) 195
Dental

U1-SN (°) 7.88 (6.52) 10.20 (4.73) .429 491 (5.59) —2.32(6.39) .037* 12.79 (4.44) 7.88 (5.55) .025*

IMPA (%) 0.08 (3.54)  2.20 (4.30) .282 1.54 (4.37 0.90 (3.83)  .774 1.62 (3.29) 3.10 (4.72)  .741

Overjet (mm) 5.70 (1.31) 573 (1.72) .969 -0.61 (1.05) —-5.12 (1.94) <.001*** 5.09 (1.30) 0.61 (0.85) <.001***

Overbite (mm)  —2.41 (2.13) —2.21(1.16) .828 —0.44 (1.39) 0.43(0.62)  .109 -2.85(1.74) —-1.78 (1.13)  .068

2 TO indicates before treatment; T1, after the active treatment; T2, at the end of long-term follow-up.

® Stable vs unstable q,,, comparison of short-term (TO-T1) cephalometric changes between the stable and unstable groups. Stable vs
unstable 1., comparison of changes during follow-up (T1-T2) between the stable and unstable groups. Stable vs unstable ., comparison of
long-term (TO-T1) cephalometric changes between the stable and unstable groups.

* P < .05;** P<.01; ™ P < .001 according to two-sample t test.

Angle Orthodontist, Vol 89, No 2, 2019
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DISCUSSION

The long-term stability of MP in patients with UCLP
remain unclear.>'” The MP-treated subjects with UCLP
were examined when craniofacial growth was close to
completion. After follow-up, 36.8% of subjects (7 of 19)
relapsed to a reverse overjet and were assigned to the
unstable group. In the long term, MP therapy induced
favorable maxillary advancement and an increase in
maxillary length. The mandible rotated clockwise after
active therapy but relapsed to the initial position during
follow-up. Also, the upper and lower incisors were
proclined at T2. The MP treatment primarily moved a
recessive maxilla forward.’>'® In this study, the long-
term maxillary advancement was comparable between
the stable and unstable groups.

In the short term, the unstable group exhibited more
sagittal advancement of point A (2.89 mm) than the
stable group. Nevertheless, gains in the overjet, ANB
angle, and Wits value were similar from TO to T1 in
both groups, perhaps reflecting the inherently unfavor-
able skeletal (Class lll) pattern of the unstable group.
Before MP, both groups exhibited similar SNA and
SNB angles. However, the ANB angle then decreased
to a greater extent in the unstable group. Given the
hyperdivergent mandibular plane angle, it was ob-
served that the mandibles of the unstable patients were
positioned significantly more inferiorly before treat-
ment. Also, previous studies reported that an increased
vertical mandibular dimension, a prognathic mandible,
and a steep mandibular plane angle compromised the
long-term stability usually afforded by MP."'® There-
fore, adolescents with Class Il UCLP and excess
mandible require special attention.

During the follow-up period (T1-T2), the maxillary,
sagittal dentoskeletal effects differed in the stable and
unstable groups. In terms of the sagittal skeletal
component, the stable group evidenced a further
1.18-mm advancement of point A; the unstable group
exhibited about 12.9% of sagittal relapse. Also, the
unstable group exhibited a significantly greater de-
crease in the SNA angle. Thus, the stable group
developed a favorable growth pattern after protraction
with reverse headgear. Similarly, Hagg et al.”* and
Wells et al.® found that the maxilla grew to a greater
forward extent in a stable group than a relapsing group
during the posttreatment period. Semb® reported that
the maxillary prominence of patients with UCLP
decreased remarkably from 11 to 16 years of age.
Thus, MP-induced maxillary advancement when young
may allow future maxillary growth in stable patients.
Significant lingual inclination of the upper incisors was
observed after treatment in the unstable group,
contributing to reverse overjet relapse.
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Maxillary vertical deficiencies pose challenges to
orthodontists.?** Here, downward and forward pro-
traction forces were applied, and the unstable group
exhibited less vertical movement at point A than the
stable group from TO to T2, indicating that hypoplasia
in the maxillary vertical dimension contributed to
relapse after MP therapy. Yepes et al.*® suggested
that facemasks should deliver a vertical force. Given
the observed maxillary vertical growth and reversal of
the maxillary counterclockwise rotation, it may be
speculated that a downward force vector (relative to
the occlusal plane) might be beneficial for MP-treated
patients with UCLP.

The study had certain limitations. Although all
patients were recalled at a CVMS stage > IV, some
residual craniofacial growth was evident. Therefore,
patients in the stable group should be monitored until
growth completion. Second, the sample size was
small; thus, further research is required. Different force
vectors were not applied in this study, which might
have improved the clinical effects.

CONCLUSIONS

« In the long term, MP therapy afforded favorable
maxillary sagittal advancement in patients with
UCLP.

« An excess mandible before treatment and long-term
hypoplasia in the maxillary vertical dimension may
predict poor MP prognoses.
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