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Cephalometric predictors of future need for 
orthognathic surgery in Korean patients with 
unilateral cleft lip and palate despite long-term use 
of facemask with miniplate

Objective: To investigate the cephalometric predictors of the future need for 
orthognathic surgery in Korean patients with unilateral cleft lip and palate 
(UCLP) despite long-term use of facemask with miniplate (FMMP). Methods: 
The sample consisted of 53 UCLP patients treated by a single orthodontist using 
an identical protocol. Lateral cephalograms were taken before commencement 
of FMMP therapy (T0; mean age, 10.45 years), after FMMP therapy (T1; mean 
age, 14.72 years), and at follow-up (T2; mean age, 18.68 years). Twenty-eight 
cephalometric variables were measured. At T2 stage, the subjects were divided 
into FMMP-Nonsurgery (n = 33, 62.3%) and FMMP-Surgery (n = 20, 37.7%) 
groups according to cephalometric criteria (point A-nasion-point B [ANB] 
< –3°; Wits-appraisal < –5 mm; and Harvold unit difference [HUD] > 34 mm 
for FMMP-Surgery group). Statistical analyses including discrimination analysis 
were performed. Results: In FMMP-Surgery group, the forward position of the 
mandible at T0 stage was maintained throughout the whole stages and Class III 
relationship worsened with significant growth of the mandibular body and ramus 
and counterclockwise rotation of the maxilla and mandible at the T1 and T2 
stages. Six cephalometric variables at T0 stage including ANB, anteroposterior 
dysplasia indicator, Wits-appraisal, mandibular body length, HUD, and overjet 
were selected as effective predictors of the future need for surgical intervention 
to correct sagittal skeletal discrepancies. Conclusions: Despite long-term use of 
FMMP therapy, 37.7% of UCLP patients became candidates for orthognathic 
surgery. Therefore, differential diagnosis is necessary to predict the future need 
for orthognathic surgery at early age.
[Korean J Orthod 2021;51(1):43-54]
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INTRODUCTION

Due to inherited growth deficiencies in the midface 
and post-surgical scar tissues in the lip and palate, cleft 
patients often develop specific skeletodental growth pat-
tern.1-3 When the degree of cleft involvement increases 
from the primary palate to the secondary palate, cleft 
patients exhibit the predominance of the Class III rela-
tionship and a hyperdivergent pattern.2,3 For adolescent 
cleft patients, facemask with miniplate (FMMP) therapy 
using skeletal anchorage has been applied to treat the 
maxillary hypoplasia.4-10 FMMP therapy has two main 
advantages as follows4,5,8: (1) The miniplates can be in-
stalled and removed under local anesthesia; and (2) The 
FMMP therapy can produce the maximum orthopedic 
effect and reduce unwanted side effects. However, some 
cleft patients still need orthognathic surgery or distrac-
tion osteogenesis (DO) to correct their sagittal skeletal 
discrepancy.11,12

Several previous studies have reported that a wide 
range (20% to 76.5%) of patients with unilateral (UCLP) 
and bilateral cleft lip and palate (BCLP) need orthogna-
thic surgery or DO.1,13-15 Antonarakis et al.16 implied that 
Asian patients with UCLP might have a higher frequency 
of orthognathic surgery requirement compared to other 
populations. Recently, Park et al.15 reported that the 
frequency of surgical intervention to correct the sagittal 
skeletal discrepancy was significantly higher in the BCLP 
group, followed by the UCLP group and the cleft lip and 
alveolus (CLA) group (30.0%, 21.4%, and 8.5%, respec-
tively; p < 0.05; [CLA, UCLP] < [UCLP, BCLP]). 

Meazzini et al.17 reported that children with UCLP 
showed a significant decrease in maxillary prominence 
from the age of 5 years to the end of growth. Further-
more, Heliövaara and Rautio18 suggested that UCLP 
children with an point A-nasion-point B (ANB) angle of 
less than 1° at the age of 6 years would be candidates 
for orthognathic surgery in adulthood. However, there 
is no study that investigated that how many percentage 
of cleft patients would need orthognathic surgery or 
DO despite long-term use of FMMP therapy and which 
cephalometric parameters at the initial stage were re-
lated to the future need for orthognathic surgery or DO 
after completion of facial growth. 

Yun-Chia Ku et al.19 suggested that if an unfavorable 
prognosis is expected in cleft patients, extraction and 
camouflage orthodontic treatment should be delayed. 
However, since treatment of cleft patients has a vari-
ety of confounding factors to interpret the data, it is 
necessary to use relatively strict inclusion criteria for in-
creasing the sample purity as follows15,20,21: (1) The cleft 
type of the samples should be confined; (2) Treatment 
protocols for the timing and methods of cheiloplasty, 
palatoplasty and alveolar bone grafting (ABG) and the 

methodology of orthodontic and orthopedic treatment 
should be identical; and (3) The racial and ethnic back-
grounds of the samples should be identical. Therefore, 
the purpose of this retrospective study was to investi-
gate the cephalometric predictors of the future need for 
orthognathic surgery or DO in Korean UCLP patients 
despite long-term use of FMMP.

MATERIALS AND METHODS

The samples consisted of 53 Korean patients with 
nonsyndromic UCLP (40 males and 13 females), who 
were treated at the Departments of Orthodontics and 
Oral and Maxillofacial Surgery, Seoul National University 
Dental Hospital (SNUDH) and the Department of Pedi-
atric Plastic and Reconstructive Surgery, Seoul National 
University Children's Hospital (SNUCH). This retrospective 
study was reviewed and approved by the Institutional 
Review Board of SNUDH (ERI20020).

The inclusion criteria were as follows: (1) patients who 
were diagnosed as UCLP, (2) patients who were born 
between 1993 and 2004, (3) patients who were treated 
with an identical treatment protocol by a single ortho-
dontist (SHB), (4) patients whose lateral cephalograms 
were taken just before secondary ABG and commence-
ment of FMMP therapy (T0; mean age, 10.45 years), just 
after stop using the FMMP (T1; mean age, 14.72 years), 
and at a minimum of 15 years of age (T2; mean age, 
18.68 years). The exclusion criteria were as follows: (1) 
patient with syndromic cleft including Van der Woude 
syndrome; (2) patient with craniofacial anomalies; (3) 
patient with previously fractured face; and (4) patient 
with endocrine diseases such as diabetes mellitus and 
hyperparathyroidism.

The treatment protocol used in SNUDH and SNUCH 
is summarized as follows: (1) Primary cheiloplasty (Mil-
lard rotation and advancement flap) at the age of 3–5 
months; (2) Palatoplasty (Furlow double opposing Z-
plasty or V-Y pushback method for one-stage palator-
rhaphy) at the age of 12–18 months; (3) If needed, the 
maxillary arch was expanded before performing the sec-
ondary ABG; (4) During the mixed dentition stage, sec-
ondary ABG with particulate cancellous bone and mar-
row from the iliac crest was conducted; (5) If patients 
had moderate-to-severe maxillary hypoplasia at the pre-
pubertal growth stage, two curvilinear surgical miniplate 
(KLS Martin, Tuttlingen, Germany) were installed on the 
infrazygomatic crest area. Then, the FMMP therapy was 
applied to correct the anterior crossbite and protract the 
maxilla with a Petit type facemask (Kwang Myung DAI-
COM, Seoul, Korea; downward and forward force vector, 
500 g per each side, 12 to 14 hours of wearing per day; 
Figure 1); and (6) Fixed orthodontic treatment was per-
formed during the permanent dentition stage.4,5,8,15
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A total of 28 cephalometric variables were measured 
to evaluate the status and amount of changes in the 
skeletal, dental, and soft tissue relationship. To evalu-
ate the actual anteroposterior change of point A with 
consideration of the forward growth of Nasion during 
FMMP therapy, the vertical and horizontal reference 
planes, and a linear variable were defined as follows: 
(1) Horizontal reference plane, a horizontal line pass-
ing through the Sella at an angle of 7 degree clockwise 
with the Sella-Nasion (SN) plane22; (2) Vertical reference 
plane, a plane perpendicular to the horizontal reference 
plane passing through the Sella; (3) A-VRP, the hori-
zontal distance from the vertical reference plane to the 
point A. Cephalometric tracing and measurement were 
conducted by a single operator (SWO) utilizing the V-
ceph program (version 7.0, Osstem Implant Co., Seoul, 
Korea). 

At the T2 stage, the subjects were divided into the 
FMMP-Surgery and FMMP-Nonsurgery groups accord-
ing to two criteria: (1) If patients met the cephalometric 
criteria with ANB < –3°, Wits appraisal < –5 mm, and 
Harvold unit difference (ΔCoGn-CoSn) > 34 mm, they 
were classified into the FMMP-Surgery group.15,16,20,23 
(2) If patients had been treated with preoperative orth-
odontic treatment or had already undergone orthogna-
thic surgery or DO, they were automatically classified 
into the FMMP-surgery group.15,16,20 As a result, UCLP 
patients were divided into the FMMP-Nonsurgery group 

(n = 33, 62.3%) and the FMMP-Surgery group (n = 20, 
37.7%) (Table 1 and Figure 1). 

All cephalometric variables in 10 randomly selected 
samples were reanalyzed to verify the intra-examiner 
reliability with an interval of one-month using the 
Dahlberg formula.24 The differences in the angular mea-
surement ranged from 0.25° to 0.49°, and those in the 
linear measurement ranged from 0.14 to 0.49 mm. As 
a result, the first measurement was adopted for further 
statistical analysis.

Mann–Whitney test, Wilcoxon signed-rank test, chi-
square test, Fisher’s exact test, and discrimination analy-
sis were performed using SPSS ver. 22.0 (IBM Corp., 
Armonk, NY, USA). p-values of < 0.05 were considered 
statistically significant. 

RESULTS

Demographic data of the two groups (Table 1) 
The distributions of sex and cleft side were not differ-

ent between the FMMP-Nonsurgery and FMMP-Surgery 
groups (all p > 0.05). 

Differences in the mean ages at T0 stage of the two 
groups were statistically significant but clinically in-
significant (10.27 years in FMMP-Nonsurgery group 
vs. 10.75 years in the FMMP-Surgery group, p < 0.05). 
There were no significant differences in the mean ages 
at T1 and T2 stages between the two groups (all p > 

T0 T1 T2

T0 T1 T2

A

B

Figure 1. Serial lateral ceph-
alograms taken before face-
mask with miniplate (FMMP) 
therapy (T0), after FMMP 
therapy (T1), and follow-up 
(T2) in the FMMP-Nonsurgery 
group (A) and FMMP-Surgery 
group (B).
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0.05).
There were also no significant differences in the mean 

duration of FM-MP therapy (T0–T1), follow-up (T1–T2), 
and total duration (T0–T2) between the FMMP-Nonsur-
gery and FMMP-Surgery groups (all p > 0.05).

Comparison of missing teeth and space management 
between the two groups (Table 2)

The frequency of missing maxillary lateral incisor was 
higher in the FMMP-Nonsurgery group than the FMMP-
Surgery group (83.3% [n = 25/30] vs. 45.0% [n = 9/20], 
p < 0.05). However, there was no significant difference 
in the space management (opening and closure) of miss-
ing maxillary lateral incisor between the FMMP-Nonsur-
gery and FMMP-Surgery groups (48.0% [n = 12/25] and 
52.0% [n = 13/25] vs. 44.4% [n = 4/9] and 55.6% [n = 
5/9]; p > 0.05). 

Comparison of the cephalometric parameters between 
the two groups at each stage (Table 3)

At the T0 stage, the FMMP-Surgery group showed 
more severe Class III relationship (ANB, anteroposterior 
dysplasia indicator [APDI], and Wits appraisal; p < 0.05; 
Harvold unit difference, p < 0.01), longer mandibular 
body length (p < 0.05), longer ramus height (p < 0.05), 
more acute point A-point B (AB) to mandibular plane 
angle (p < 0.05), and more negative overjet (p < 0.05) 
than the FMMP-Nonsurgery group.

At the T1 stage, the FMMP-Surgery group still showed 
more severe Class III relationship (Wits appraisal and 
Harvold unit difference, p < 0.05; pogonion [Pog] to N-
perpendicular [N-Perp] and APDI, p < 0.01; ANB, p < 
0.001), longer mandibular body length (p < 0.05), more 
acute AB to mandibular plane angle (p < 0.01), and 
more negative overjet (p < 0.001) than the FMMP-Non-
surgery group. At this stage, the FMMP-Surgery group 

Table 2. Comparison of missing teeth, extraction, and space management between FMMP-Nonsurgery and FMMP-
Surgery groups

UCLP patient FMMP-Nonsurgery group (n = 33) FMMP-Surgery group (n = 20) p-value

Missing of the maxillary  
lateral incisor†

25 cases with missing and 8 cases 
without missing (including 8 peg 
lateralis)

9 cases with missing and 11 cases 
without missing (including 10 peg 
lateralis)

0.0236*

Space management of missing 
maxillary lateral incisor‡

12 cases with space opening and  
13 cases with space closure

4 cases with space opening and 5 cases 
with space closure

1.0000

FMMP, facemask with miniplate; UCLP, unilateral cleft lip and palate.
*p < 0.05.
†chi-square test was performed.
‡Fisher’s exact test was performed.

Table 1. Demographic data of the FMMP-Nonsurgery and FMMP-Surgery groups

UCLP patient
FMMP-Nonsurgery group (n = 33) FMMP-Surgery group (n = 20)

p-value
Mean SD Mean SD

Sex (M:F)† 24:9 16:4 0.6534

Side involvement‡ 12 cases with right side and  
21 cases with left side

6 cases with right side and  
14 cases with left side

0.7678

Age§ (yr) T0 10.27 0.63 10.75 0.97 0.0368*

T1 14.76 0.94 14.65 0.99 0.9534

T2 18.42 1.54 19.10 1.33 0.1791

Duration§ (mo) T0–T1 53.79 11.65 45.65 15.63 0.0718

T1–T2 44.45 18.72 53.05 17.41 0.1743

T0–T2 98.76 18.56 99.10 20.82 0.9634

FMMP, facemask with miniplate; UCLP, unilateral cleft lip and palate; SD, standard deviation; T0, before secondary alveolar 
bone grafting and commencement of FMMP therapy; T1, after stop using the FMMP; T2, at minimum 15 years of age.
*p < 0.05.
† Fisher’s exact test was performed.
‡chi-square test was performed.
§Mann–Whitney test was performed.
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appeared to show more counterclockwise rotation of the 
occlusal plane to SN angle (p < 0.05), smaller overbite 
depth indicator (ODI) (p < 0.01), and more dental com-
pensation of the mandibular incisor (incisor mandibular 
plane angle [IMPA] and interincisal angle, p < 0.01) 
compared to the FMMP-Nonsurgery group.

At the T2 stage, the FMMP-Surgery group still showed 
more severe Class III relationship (sella-nasion-point B 
[SNB], p < 0.05; Pog to N-Perp and Wits appraisal, p < 
0.01; ANB, APDI, and Harvold unit difference, p < 0.001), 
longer mandibular body length (p < 0.01), more coun-
terclockwise rotation of the occlusal plane to SN angle (p 
< 0.05), more acute AB to mandibular plane angle (p < 
0.01), smaller ODI (p < 0.001), and more negative overjet 
(p < 0.001) than the FMMP-Nonsurgery group. At this 
stage, the FMMP-Surgery group appeared to show more 
counterclockwise rotation of the mandible (articular 
angle, p < 0.05) compared to the FMMP-Nonsurgery 
group.

Throughout the whole stages, seven cephalometric 
variables, including ANB, APDI, Wits appraisal, mandibu-
lar body length, AB to mandibular plane angle, Harvold 
unit difference, and overjet, exhibited significant dif-
ferences between the two groups. At both T1 and T2 
stages, Pog to N-Perp, occlusal plane to SN angle, and 
ODI appeared to have significant differences between 
the two groups. 

Compar ison of  the amount of  change in the 
cephalometric parameters between the two groups 
(Table 4)

When compared the two groups, during T0–T1, there 
was no difference in the cephalometric parameters ex-
cept ΔIMPA (p < 0.05). These findings suggested that 
the effects of FMMP therapy might be similar between 
the two groups. However, considering the values at the 
T0 and T1 stages, more severe Class III relationship, 
longer mandibular body length, more acute AB to man-
dibular plane angle, and more negative overjet in the 
FMMP-Surgery group were not fully corrected despite 
long-term use of FMMP.

During T1–T2, the FMMP-Surgery group showed sig-
nificant pubertal and late mandibular growth (ΔSNB, 
ΔMandibular body length, ΔRamus height, and ΔHarvold 
unit difference, p < 0.05) and counterclockwise rota-
tion of the maxilla and mandible (ΔPalatal plane angle, 
ΔODI, and ΔBjork sum, p < 0.05) compared to the 
FMMP-Nonsurgery group.

During T0–T2, the FMMP-Surgery group exhib-
ited a more worsening of Class III relationship (ΔANB, 
ΔHarvold unit difference, ΔAB to Mandibular plane 
angle, and ΔODI, p < 0.05; ΔSNB, p < 0.01) and less 
increase in overjet (p < 0.01) compared to the FMMP-
Nonsurgery group.
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Prediction cephalometric variables at the T0 stage for 
the future need for orthognathic surgery (Tables 5 and 6)

From the simultaneous estimation-discriminant analy-
sis, the discriminant function affecting the future need 
for orthognathic surgery is as follows: D = 5.288 + [0.268 
× ANB (°)] + [0.049 × APDI (°)] – [0.084 × Wits ap-
praisal (mm)] – [0.148 × mandibular body length (mm)] 
– [0.022 × Harvold unit difference (mm)] + [0.154 × 
overjet (mm)]. The centroids of the FMMP-Nonsurgery 
group and FMMP-surgery group were 0.412 and –0.680, 
respectively (Table 5). The percentage of correctly classi-
fied original grouped cases was 69.8%, with a sensitivity 
of 69.7% and specificity of 70.0% (Table 6). 

DISCUSSION

Although this study was performed with a single 
university hospital-based data, this study might have 
some originalities. First, we used relatively strict inclu-
sion criteria to increase the purity of the samples. Sec-
ond, the identical treatment protocol was used to avoid 
confounding factors in interpreting the results. Third, 
to the authors’ knowledge, it is the first study to report 

the cephalometric parameters at the initial stage related 
to the risk of future orthognathic surgery or DO despite 
long-term use of FMMP therapy.

Candidates for orthognathic surgery or distraction 
osteogenesis

In the present study, 37.7% of UCLP patients became 
candidates for orthognathic surgery or DO despite long-
term use of FMMP therapy (Table 1). It was higher than 
Park et al’s result (21.4%).15 The reasons might be (1) the 
UCLP subjects used in Park et al’s study15 were a com-
bination of patients with various degrees of maxillary 
hypoplasia and (2) in the present study, FMMP therapy 
was applied to subjects with moderate-to-severe maxil-
lary hypoplasia. 

Comparison of the cephalometric parameters at each 
stage and the amount of change between the two 
groups (Tables 3 and 4)

In the FMMP-Surgery group, a forward position of 
the mandible at the T0 stage was maintained through-
out the whole stages and Class III relationship worsened 
with significant pubertal and late mandibular growth 
and counterclockwise rotation of the maxilla and man-
dible at the T1 and T2 stages. These findings were simi-
lar to those in Meazzini et al.17 and Yun-Chia Ku et al.,19 
who reported that a significant late mandibular growth 
in UCLP children played an important role in deciding 
the need for orthognathic surgery. Scheuer et al.25 also 
reported that UCLP patients showed more significant 
amounts of change in SNA and SNB from 12 to 16 years 
compared to that of 8 to 12 years. 

Previous studies insisted that the vertical cephalo-
metric variables including palatal plane inclination, 
mandibular plane angle, and facial height would not be 
the determining factors for orthognathic surgery.17,19,21 
However, it is necessary to investigate the effects of the 
rotation of the maxilla and mandible and the changes in 
the vertical dimension on worsening of Class III relation-
ship in future studies.

Table 5. Discriminant analysis to identify cephalometric 
predictors of future need for orthognathic surgery

Canonical discriminant 
function coefficients Function 1

Predictable variable ANB 0.268

APDI 0.049

Wits appraisal –0.084

Mandibular body length –0.148

Harvold unit difference –0.022

Overjet 0.154

Constant 5.288

Functions at group centroids Function 1

Group FMMP-Nonsurgery group 0.412

FMMP-Surgery group –0.680

ANB, point A-nasion-point B; APDI, anteroposterior dys
plasia indicator; FMMP, facemask with miniplate.

Table 6. Classification results in discrimination analysis

Number of cases
Predicted membership (%)

FMMP-Nonsurgery group 
(n = 29)

FMMP-Surgery group 
(n = 24)

Actual group FMMP-Nonsurgery group (n = 33) 23 (69.7) 10 (30.3)

FMMP-Surgery group (n = 20) 6 (30.0) 14 (70.0)

Percent of original cases correctly classified: 69.8%.
FMMP, facemask with miniplate.
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Prediction cephalometric variables at the T0 stage for 
the future need for orthognathic surgery (Tables 5 and 6)

Zemann et al.26 reported that UCLP children with neg-
ative values of ANB angle at the age of 6 years showed 
no improvement after a 4-year period. Antonarakis et 
al.16 and Meazzini et al.21 suggested that ANB would be 
a powerful predictor in cleft patients at the age of 5–6 
years. These findings were similar to the result of this 
study, which selected ANB as one of the major predic-
tors from the discriminant analysis. However, since ac-
curate tracing and cephalometric analysis of the anterior 
maxilla (including point A) might be difficult at the 
age of 5–6 years, it would be better to use the samples 
with completely erupted permanent maxillary incisors.15 
Therefore, the mean age at the T0 stage in the present 
study was around 10 years (Table 1). 

Comparison of the cephalometric predictors in previous 
studies (Table 7)

The present study selected six cephalometric variables 

at the T0 stage related to the size of the mandible (man-
dibular body length), intermaxillary sagittal relationship 
(ANB, APDI, Wits appraisal, and Harvold unit difference) 
and dental compensation (overjet). These findings were 
similar to those reported by Park et al.15 and Yun-Chia 
Ku et al.19 However, there were some differences in the 
cephalometric parameters. Park et al.15 included more 
cephalometric parameters such as position of the max-
illa (A to N-Perp), shape of the mandible (gonial angle), 
intermaxillary sagittal and vertical relationship (ODI and 
AB to mandibular plane angle), and dental compensa-
tion (IMPA) compared to the present study. Yun-Chia Ku 
et al.19 also added more cephalometric parameters in-
cluding size of the maxilla (maxillary length), position of 
the mandible (SNB), intermaxillary vertical relationship 
(overbite), anterior cranial base length (SN), and dental 
compensation (IMPA); while they did not use the cepha-
lometric variables explaining the intermaxillary sagittal 
relationship (APDI, Wits appraisal, and Harvold unit dif-
ference) compared to the present study. 

Table 7. Comparison of the cephalometric predictors in previous studies

Park et al.15 (2015) Yun-Chia Ku et al.19 (2018) The present study

Anterior cranial base length SN

Position and size of the 
maxilla

A to N-perpendicular Maxillary length

Position, size and shape of 
the mandible

Gonial angle SNB
Mandibular body length

Mandibular body length

Intermaxillary sagittal 
relationship

ANB
APDI
Wits appraisal
Harvold unit difference

ANB ANB
APDI
Wits appraisal
Harvold unit difference

Intermaxillary vertical 
relationship

Overbite

Intermaxillary sagittal and 
vertical relationship

ODI
AB to mandibular plane angle

Dental compensation IMPA
Overjet

L1-MP (IMPA)
Overjet

Overjet

Method Machine learning (Feature 
Wrapping method with 
support vector machine/
sequential forward search 
algorithms)

Receiver operating 
characteristic analysis with a 
scoring system model based 
on 3 dichotomized variables

Discrimination analysis

Predictors 10 cephalometric variables ANB, ≤ –0.45°
Overjet, ≤ −2.00 mm
Maxillary length, ≤ 47.25 mm

6 cephalometric variables

Diagnostic accuracy (%) 77.3 86.9 (sum of score: 2) 69.8

Sensitivity (%) 99.0 90.0 69.7

Specificity (%) 74.1 83.9 70.0

SN, sella-nasion; SNB, sella-nasion-point B; ANB, point A-nasion-point B; APDI, anteroposterior dysplasia indicator; 
ODI, overbite depth indicator; AB, point A-point B; IMPA, incisor mandibular plane angle; L1-MP, lower central incisor to 
mandibular plane.
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The reasons for these differences might be as fol-
lows: First, Park et al.15 and Yun-Chia Ku et al.19 did 
not confine the subjects who were treated with long-
term use of FMMP. Second, in the present study, be-
cause the amounts of change during T0–T1 in the two 
groups were similar (Table 4), Class III relationship at 
the T0 stage was not fully corrected at the T1 stage in 
the FMMP-Surgery group (Table 3). Third, in the pres-
ent study, the FMMP-Surgery group showed significant 
pubertal and late growth of the mandibular body and 
ramus and counterclockwise rotation of the maxilla and 
mandible at the T1 and T2 stages, resulting in worsen-
ing of the skeletal Class III relationship (Tables 3 and 4).

In the present study, accuracy, sensitivity and speci-
ficity (69.8%, 69.7%, and 70.0%) were relatively lower 
than those in previous studies.15,19 It is assumed that this 
difference came from the sample size, statistical method, 
various treatment responses of patients, need of or-
thognathic surgery for correction of transverse or other 
dimensional problems, and the patient’s desire for facial 
esthetics. Therefore, it is necessary to investigate the ef-
fects of aforementioned issues on the accuracy, sensitiv-
ity and specificity in future studies.

Clinical implications
The results from this study indicated that, although 

Class III relationship would not be fully corrected in the 
FMMP-Surgery group, the two groups did not exhibit 
the difference in the absolute amount of sagittal change 
in the cephalometric parameters by FMMP therapy 
(Tables 3 and 4). Therefore, it can be stated that the 
FMMP therapy has a possibility of reducing the amount 
of maxillary advancement in orthognathic surgery or DO 
in UCLP patients.

As clinical suggestions, when a future need for or-
thognathic surgery is expected in children with UCLP 
(Tables 5 and 6), there might be three recommendations 
for using the FMMP therapy. First, it is necessary to 
inform the parents about the possibility of poor prog-
nosis and the possibility of orthognathic surgery after 

completion of facial growth. Second, after placing two 
miniplates in the mandibular symphysis area as well as 
two miniplates in the infrazygomatic crest of the max-
illa, use of Class III elastics between the maxillary and 
mandibular miniplates at day time and FMMP at night 
time would be recommended (Figure 2).7,9,10 Third, it 
might be better to install two additional miniplates on 
the lateral nasal wall in the maxilla or combine the in-
traoral anchorage in the maxillary dentition to increase 
the orthopedic effect.

Limitations of this study and suggestions for future 
studies

Although this is the first study that investigated the 
cephalometric predictors for the future need for or-
thognathic surgery, despite long-term use of FM-MP, in 
Korean adolescent patients with UCLP, the present study 
has some limitations as follows: First, this study had a 
retrospective study design with a relatively small sample 
size. Second, the samples were not subdivided accord-
ing to the amount and degree of scar tissue on the lip 
and palate. Third, since patient’s compliance is one of 
the important factors in obtaining the successful treat-
ment outcome, especially in long-term FMMP therapy, it 
is necessary to identify a method to objectively measure 
patient’s compliance. In the near future, it is necessary 
to perform a nationwide multi-center study with a large 
sample size and more sophisticated statistical analysis 
methods.

CONCLUSION

• Despite long-term use of FMMP therapy, 37.7% of 
UCLP patients became candidates for orthognathic sur-
gery or DO. Therefore, differential diagnosis is necessary 
to predict the future need for orthognathic surgery at 
early age.

• A total of six cephalometric variables including ANB, 
APDI, Wits appraisal, mandibular body length, Harvold 
unit difference, and overjet at the age of 10 years were 

Figure 2. An example of in-
stallation of two additional 
miniplates on the mandibular 
symphysis and use of Class III 
elastics between the maxillary 
and mandibular miniplates at 
day time and facemask with 
miniplate at night time. 
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selected as predictors of the future need for orthogna-
thic surgery in Korean UCLP patients.
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