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Objective: To address the effect of intrinsic factors on craniofacial growth by analyzing the craniofacial 
morphology of unoperated isolated cleft palate in Chinese adult. Materials and Methods: This study included 
37 nonsyndromic isolated cleft palate and 39 age and gender matched non-clefts. Twenty-six cephalometric 
measurements were employed to evaluate the facial morphology. Independent samples T test and Mann- 
Whitney U were used for comparison. Significant difference was defined at 95% level. Results: Data from this 
study showed patients with unoperated isolated cleft palate have a reduced maxillary sagittal length (ANS- 
PMP, A-PMP, P<0.05), a smaller ANB angle (ANB, P<0.05) and a retrusive ANS point (S-N-ANS, P<0.05; 
Ba-N-ANS, P<0.05). Measurements descripted position of maxilla (S-Ptm, P>0.05), depth of bony pharynx 
(Ba-PMP, P>0.05), anterior and posterior maxillary height (N-ANS, P>0.05; R-PMP, P>0.05) and mandible 
morphology (including linear measurements and angle measurements) did not show any significant difference 
between case and control groups. Conclusions: Patients with isolated cleft palate were characterized by 
maxillary retrusion. Mandible morphology and cranial basal morphology in isolated cleft palate showed no 
significant difference with nonclefts. Patients with isolated cleft palate are more vulnerable to cross bite than 
nonclefts. Intrinsic deficiencies did detrimental effect on maxilla sagittal length, but did no detrimental effect 
on maxilla position, mandible size and position. 
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Introduction 
 

Some investigations indicated that facial morphology 
in infants, children, adolescents, and adults with isolated 
cleft palate (ICP) were all different compared with non- 
clefts (3-12). Facial growth deficiency goes worse with 
age (6, 12), but facial morphology is still acceptable 

 
The reasons affected facial morphology including three 
main factors: intrinsic developmental deficiencies, func- 
tional distortions affecting the position and growth, and 
iatrogenic factors (1-2).  
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because of modulation of mandible position (6). Iatro- 
genic factors are not the main reason resulted in maxillary 
retrusion, but intrinsic deficiencies are (3, 13). However, 
another researches showed that the facial morphology 
is similarly normal when compared with nonclefts (14-20). 
Different findings may result from the heterogeneity of 
the samples (18, 21), small sample size (22-23), the various 
range of age (18), different cleft types of samples (15, 
24-25) and factors related to the control group. 

Craniofacial morphology is of genetic and racial 
characteristic. In previous studies about unoperated 
isolated cleft palate, both patients with soft cleft palate 
only and patients with hard and soft cleft palate were 
included. The two types of cleft are so different: vomer is 
well connected with palate plane in soft cleft palate, 
but vomer is not in hard and soft cleft palate. 
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The aim of this research is to address the effect of 
intrinsic factors on craniofacial growth by analyzing the 
craniofacial morphology of unoperated isolated cleft 
palate in Chinese adult. 
 
Materials and Methods 
 
Patients included were selected from patients with Han 
nationality, who examined at the West China Hospital of 
Stomatology, the People`s Republic of China, during 
2005 and 2009. All the samples had non-syndromic ICP 
and the cleft from uvula to incisive foramen. All the 
samples had not received any craniofacial surgeries 
and orthodontic treatments, and did not have family 
history and craniofacial trauma. Besides, all the samples 
were elder than 16-year-old. This study protocol was 
appraised and approved by the Research Subject 
Review Board and Ethical Scientific Board of Sichuan 
University. Informed consent was obtained from all 
patients or their parents. 

Case group was named as group 1. Control group was 
constituted with age and gender matched non-cleft 

adults. The control group was named as group 2. Sam- 
ple distribution of this study was shown in Table 1. 
 

Table 1 Sample distribution 

Gender Group 1 Group 2 
Male 12 26 
Female 25 13 
Total 37 39 
Mean age/years 22.19±6.57 21.31±5.27 

 

All the radiographs were taken by the same profe- 
ssional radiologist using the same equipment. All the 
cephalometric radiographs were obtained in centric 
occlusion with the patients positioned in a standardized 
upright posture with a transporionic axis and Frankfort 
plane parallel with the floor (26-27).  

The constructed landmarks used in this study were 
traced according to Ross (1). Anatomic landmarks used 
were shown in Table 2 and Figure 1. Planes analyzed 
were listed in Figure 1. Measurements utilized, including 
13 linear measurements, 11 angular measurements

 
Table 2 Landmarks tracing on the cephalometric radiographs. 

Landmarks Anatomic structures Definitions 
S Sella Midpoint of sella turcica determined by inspection 
N Nasion Most anterior part of the nasofrontal suture 
Or Orbitale The most inferior point on the infraorbital margin 
Po Porion Superior border of external auditory meatus 
ANS Anterior nasal spine The most anterior point on nasal spine 
A A point Point of the greatest concavity of the alveolar process of the maxilla 
B B point Point of the greatest concavity of the alveolar process of the mandible 
Ba Basion Median point of the anterior margin of the foramen magnum 
Go Gonion The most inferior and posterior point at the angle formed by the ramus and body of the mandible 
Ar Articular Point of intersection between the shadow of the zygomatic arch and the posterior border of the 

mandibular ramus 
Pog Pogonion Most anterior point on the bony chin 
Gn Gnathion Point on the symphysis between pogonion and menton farthest from the condyle 
Me Menton The most inferior point on the mid sagittal plane of the symphysis of the mandible 
R Registration point Point of crossing of the greater wing of the sphenoid and planium sphenoidale 
PMP Posterior maxillary 

point  
Constructive created by dropping a perpendicular to the maxillary plane from PTM 

Ptm Pterygomaxillary 
fissure 

Inferior point in the fissure 

 
and 2 ratio measurements, were shown in Table 3. PNS 
was not included in measurements, because it was not 
clear enough in cleft patients to be included for 
evaluation (28). All the measurements were traced and 
measured by the same researcher using Winceph7.0 
cephalometric software (Rise Corporation, Sendai, 

Japan). Tracing was performed twice, with two weeks 
interval. Intra-investigator reliability was assessed within 
30 subjects selected randomly, and intra-class correla- 
tion coefficients (ICC) were above 0.9 for all the 
measurements, suggesting satisfactory level. Mean 
values were used for analysis. 
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Statistical analyses 
Statistical analyses were performed using SPSS 13.0 
software package. The nature of data distribution was 
tested with the one-sample Kolmogorov-Smirnov test. 
Independent samples T test and Mann-Whitney U were 
employed to determine the difference between case 
and control group. Significant difference was defined at 
95% level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Landmarks and planes traced on the lateral cephalometric 
radiographs. ①SN (S-N): Anterior basal plane; ②PP (ANS-PNS): Palatal 
plane; ③MP (Go-Gn): Mandibular plane. 
 
Results 
 
There was no significant difference when comparing 
gender ratio between case and control groups. So data 
in each group were put together to analysis. 

Data in this study showed patients with unoperated 
ICP lead a reduced maxillary sagittal length (ANS-PMP, 
A-PMP, P<0.05), a smaller ANB angle (ANB, P<0.05), a 
retrusive ANS point (S-N-ANS, P<0.05; Ba-N-ANS, P<0.05) 
and a smaller ratio of posterior facial height to anterior 
facial height (R-PMP/N-ANS) (Figure 2). Measurements 
descripted position of maxilla (S-Ptm, P>0.05), depth of 
bony pharynx (Ba-PMP, P>0.05), anterior and posterior 
maxillary height (N-ANS, P>0.05; R-PMP, P>0.05), and 
mandible morphology (including linear measurements 
and angle measurements) showed no significant differ- 
ence between case and control group. The statistic re- 
sults were shown in Table 3.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Craniofacial skeleton features in unoperated ICP. The broke 
line is for group 1 and the solid line for group2. Diagrams are orientated 
along the S-Ba line and recorded at S. 
 
Discussion 
 
Isolated cleft palate was thought to be different with 
other types of cleft in embryology, growth pattern, and 
features of craniofacial morphology (29). The best way 
to learn the effect of intrinsic factor is by studying adult 
unoperated patients with cleft (2). So only patients elder 
than 16-year-old were brought into this study. 

Patients with isolated cleft palate have always been 
considered to have better facial growth, but the fact is 
not like this (2, 18). Patients with unoperated ICP in this 
study lead a decreased maxilla length and fairly normal 
maxilla position. The consistent depth of the bony 
pharynx and retrusive ANS point indicated that the 
maxillary retrusion can be attributed to maxillary length 
rather than to maxillary position. Growth potential 
deficiency of the maxilla in clefts resulted in retrusive 
maxilla (5, 30). Chen et al (12) compared 16 unoperated 
ICP with mixed dentition and 25 with permanent 
dentition with non-clefts respectively, concluded that 
unoperated ICP with mixed dentition have a short maxi- 
lla in sagittal dimension, and patients with permanent 
dentition have a short and retropositioned maxilla. Many 
scholars got the similar conclusion (6, 9, 16, 31). Yoshida 
et al (11) analysed 21 ICP patients and concluded that 
short hard palate and retropositioned maxilla existed in 
ICP patients with permanent dentition. Dahl (16) and 
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Bishara (7) considered maxilla was retropositioned in 
unoperated isolated cleft lip and palate. Diah et al (2) 
drew the conclusion that unoperated ICP had smaller 
SNA angle and palatal surface area, shorter arch depth 

and length, smaller palatal vault volume by analyzing 
plaster cast of 10 patients with isolated cleft palate elder 
than 16 years.  

 
Table 3 Statistical descriptions of all the measurements and results of statistics between two groups. 

Contents Variables G1 G2 G1 vs G2 
Cranial Base N-S/mm 61.32±3.33 62.22±3.32 0.243 
 N-Ba/mm 94.62±6.36 96.02±4.91 0.284 
 S-Ba/mm 42.34±3.48 43.33±3.61 0.117 
 Ba-S-N/° 131.04±6.12 130.34±4.61 0.767 
Liner measurements/mm ANS-Me 63.33±5.80 62.87±3.86 0.856 
 N-ANS 50.80±3.58 51.36±3.39 0.484 
 N-Me 114.13±7.98 114.24±5.82 0.486 
 S-Ptm 14.55±2.72 14.83±2.63 0.653 
 Pog-Go 71.10±5.75 70.54±5.29 0.403 
 Ar-Go 44.00±5.33 45.02±4.76 0.427 
 R-PMP 44.51±2.72 44.01±4.20 0.313 
 Ba-PMP 40.62±4.03 40.66±3.31 0.324 
 PMP-ANS 43.80±3.73 46.54±3.03 0.002** 
 PMP-A 41.24±3.67 42.95±2.77 0.036* 
Angular measurements/° ∠SNA 79.30±4.39 80.27±3.62 0.331 
 ∠SNB 78.79±5.01 78.27±3.56 0.526 
 ∠ANB 0.51±2.22 1.98±2.45 0.003** 
 Ba-N-ANS 62.52±3.51 64.29±3.51 0.023* 
 Ba-N-A 59.64±3.38 60.17±3.50 0.503 
 S-N-ANS 82.18±4.48 84.38±3.55 0.020* 
 S-N-Pog 79.53±5.15 79.08±3.54 0.653 
 SN-PP 31.89±6.97 29.85±5.13 0.536 
 MP-SN 31.89±6.97 29.85±5.13 0.150 
 Ar-Go-Me 120.06±7.45 118.16±5.14 0.280 
Proportions/% N-ANS/N-Me 0.44±0.50 0.45±0.50 0.249 
 R-PMP/N-ANS 0.88±0.06 0.85±0.08 0.032* 

* The mean difference is significant at the .05 level. ** The mean difference is significant at the .01 level 
 

The normal maxilla increases in length by a forward 
movement of the entire bone and a concomitant 
apposition of bone to the posterior tuberosity (29). The 
anterior surface of the basal maxilla shows resorption 
(32), although there is some dento-alveolar apposition 
which contributes to over-all length (29). The maxilla 
drifts forward as a result of a number of factors including 
the facial sutures (33), the nasal septum (34) and the soft 
tissue functional matrix (35). Maxillary translocation takes 
place in a sliding fashion along the length of the junction 
of the vomer with the maxilla (36). The vomer moves 
downward and forward because of bony appositional 
growth at its superior and posterior surfaces (37). When 
the cleft existed from uvula to incisive foramen, the 
vomer almost isolated from maxilla, and then the normal 
sliding of the vomer along maxillary was destroyed, the 

balanced reconciliation of maxillary forward growth, 
nasal septum growth and vomer forward growth are lost 
(38). Maxilla growth deficiency should be attributed to 
intrinsic factors (7, 16, 24, 39). The role of nasal septum 
plays in forward development of the upper face has 
been suggested by Scott (40), and expanded later by 
Latham and Delaire (41-42). 

In this study, no significant difference existed between 
ICP and nonclefts about mandible length and growth 
direction. Some scholars got the similar conclusion that 
mandible morphology in ICP had no significant differ- 
ence compared with nonclefts, no matter what age 
they were (43-44). While the others got the opposite 
opinion, they thought ICP got a short (Go-Gn) (6, 16) 
and clockwised mandible (6, 11, 16). Smahel (45) con- 
cluded that both body and ramus of mandible were 
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shorter than nonclefts. Da Silva Filho et al (46) and 
Hermann et al (31) hold the similar viewpoint. Shibasaki 
and Ross (47) considered the only significant intrinsic 
abnormality was in the maxillary complex with the 
possibility of a slight mandibular deficiency. Dahl (16) 
and Bishara (7) considered mandible is retropositioned 
in unoperated isolated cleft lip and palate. 

Researches about adults with ICP have shown that 
differences existed in both size and shape of cranial 
base when compared with nonclefts (16). Length of 
cranial base (S-Ba, S-N) was smaller and angle of cranial 
base (Ba-S-N) was blunter than nonclefts. Deviation 
above was resulted from functional factors (48). 
However, in our study, data showed there was no 
significant difference in both size and shape of cranial 
base between ICP and nonclefts. Ross (4) got the similar 
results by analyzing 103 ICP individuals and nonclefts 
from 4-year-old to adulthood, and just realized that 
significant differences were existed in linear measure- 
ments (4, 16). 
 
Conclusions 
 
Patients with isolated cleft palate were characterized by 
maxillary retrusion. Mandible morphology and cranial 
basal morphology in isolated cleft palate showed no 
significant difference with nonclefts. Patients with iso- 
lated cleft palate are more vulnerable to cross bite than 
nonclefts. Intrinsic deficiencies did detrimental effect on 
maxilla sagittal length, but did no detrimental effect on 
maxilla position, mandible size and position. 
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