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Objective: The objective of this study was to compare the cephalometric skeletal and dental 

characteristics of unilateral complete cleft lip and palate (UCCLP) subjects with and without 

missing teeth.

Design: A retrospective records review was conducted for patients who are being treated at the 

cleft lip and palate (CLP) clinics in the College of Dentistry.

Methods : Ninety-six consecutive records of non-syndromic UCCLP subjects were recruited 

(33 subjects without missing teeth, 50 subjects with only one missing tooth, and 13 subjects 

with two or more missing teeth). Skeletal and dental characteristics were assessed using lateral 

cephalometric radiographs in UCCLP subjects with missing teeth and compared to the group 

with no missing teeth. A total of 25 linear and angular measurements were analyzed and com-

pared between the sample groups.

Results: Of the dental variables tested, overjet was significantly different between the three 

groups. The UCCLP subjects with multiple missing teeth had the smallest overjet (–3.89±2.75 

mm; P=0.015) among the three groups. None of the skeletal characteristics reached statistical 

significance.

Conclusion: Missing teeth influence the dental but not skeletal characteristics of UCCLP. 

Overjet is significantly reduced in UCCLP subjects with multiple missing teeth. Future studies 

with larger sample sizes are warranted.

Keywords: missing teeth, cleft lip, cleft palate, hypodontia

Introduction
Cleft lip (CL), cleft lip and palate (CLP), and isolated cleft palate (CP) are all referred 

to as orofacial clefts; they are arguably the most common human craniofacial anomaly.1 

Evidence-based research and anecdotal clinical observations have revealed adverse 

effects on craniofacial growth resulting from orofacial anomalies.2,3 These are caused 

by the intrinsic effects of the cleft anomaly and possibly as a result of treatment, such 

as scarring following the surgical closure of the cleft defects.

Orofacial clefts are associated with soft tissue and skeletal and/or dental defects. 

Such defects may manifest in the form of discontinuity of the lip/alveolar process, 

missing or malformed teeth, and skeletal deformity in three planes (anteroposterior, 

vertical, and transverse).4 These defects may consequently decrease the overall oral 

health–related quality of life in adults and children.5–7 Lisson et al3 argued that surgical 

interventions influence the dental arch forms and alveolar development which restrict 

craniofacial growth, and this can be evident in the anteroposterior skeletal dimension.
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Although congenitally and/or developmentally miss-

ing teeth are seen in individuals with CLP,8–12 this type of 

dental anomaly varies according to ethnicity, cleft type, 

and  gender.13–17 Cleft width, arch form, and shape of nasal 

septum can give information about lateral incisor agenesis.18 

Furthermore, lateral incisor agenesis had been linked to 

deficient maxillary growth19,20 and dental arch discrepancy.21

In non-cleft patients, severe hypodontia, with more than 

six missing teeth has been linked to various craniofacial 

consequences, including a class III pattern, maxillary and 

mandibular angular prognathism, and maxillary restriction.22 

A previous study have investigated tooth agenesis in cleft 

patients23 and assessed anthropometric lip measurements. 

They found that lip measurements were predictive of the 

occurrence of dental anomalies (lateral agenesis).24

In a recent study, Wu et al25 evaluated a number of cepha-

lometric characteristics present in Taiwanese individuals with 

unilateral CLP and found a general reduction in their skeletal 

vertical dimensions and a reduction in the overjet. Further 

studies are needed to explore the skeletal and dental charac-

teristics of individuals with unilateral complete cleft lip and 

palate (UCCLP) in other ethnic groups, particularly Middle 

Eastern. Therefore, the aim of this study was to compare 

the cephalometric dentoskeletal characteristics of UCCLP 

individuals with and without missing teeth.

Materials and methods
study design
This retrospective study was based on the records of patients 

with orofacial clefts seen in the clinics of the CLP team. Ethical 

approval was obtained from the institutional Research Center, 

King Saud University, Riyadh, Saudi Arabia (PR 0026). Since 

this was a retrospective study in a teaching hospital where 

patients consented for their records to be used for research 

purposes, no further consent was obtained. All records were 

treated with confidentiality, and patients’ name and personal 

data were kept anonymous. Skeletal and dental characteristics 

were assessed in UCCLP individuals with missing teeth and 

were compared to age- and gender-matched groups of indi-

viduals with UCCLP and no missing teeth. Linear and angular 

measurements obtained from lateral cephalometric radiographs 

were evaluated and compared between the sample groups.

sample characteristics
Inclusion criteria were:

1. Individuals with UCCLP aged 7–14 years

2. Presence of complete records, including dental/medical 

files, panoramic radiographs, occlusal radiographs, and 

lateral cephalograms

Exclusion criteria were:

1. Patients who had undergone comprehensive orthodontic 

or orthopedic treatment

2. Those who had undergone any extraction treatment

3. Patients with poor-quality records

4. Patients who had undergone alveolar bone graft (ABG)

5. Patients who did not adhere to surgical treatment protocol

All patients with UCCLP were treated according to the 

standard protocol at the CLP team, College of Dentistry. 

Lip repair is undertaken between 3 and 6 months of age fol-

lowed by palatal repair at around 9–12 months. An ABG is 

performed around 9–11 years of age following the diagnosis 

of bone defect in the cleft site. The graft bone is harvested 

from the iliac crest. Presurgical orthodontic preparation is 

usually performed to facilitate the surgical access and pri-

mary closure during the alveolar bone grafting. Presurgical 

orthopedic treatment is not usually provided.

Records of patients who have been treated in the College 

of Dentistry (King Saud University, Riyadh, Saudi Arabia) 

from January 1991 to December 2014 were retrieved from 

the database of the CLP team and the orthodontic clinics. 

All records that met the inclusion criteria were investigated. 

Medical records were examined to obtain more data regarding 

the nature and extension of the cleft. The sample was divided 

into two main groups depending on the presence or absence 

of missing permanent teeth; individuals in the control sample 

(Group 1) had a full set of teeth (excluding third molars), 

whereas those in Group 2 were missing at least one tooth 

of any type (excluding third molars). Group 2 was further 

subdivided into two groups according to the number of teeth 

each individual was missing: Group 2A was composed of 

those who had only one missing tooth, and Group 2B included 

those who were missing two or more teeth.

Diagnosis of missing permanent teeth was made based on 

an interpretation of panoramic and occlusal radiographs taken 

between the ages of 7 and 14 years. The lateral cephalometric 

radiographs were taken prior to the ABG surgery and were 

traced and analyzed.

All selected cephalometric radiographs were taken with 

the patient’s head in a natural position and with the teeth in 

centric occlusion. The radiographs were taken with a Planmeca 

Proline XC PAN/CEPH X-ray Unit (Planmeca Oy, Helsinki, 

Finland), set at 66–72 kV and 12 mA, using 0.3–1 seconds of 

exposure time, following the manufacturer’s instructions. The 

magnification ratio at the midsagittal plane was 10.74% in the 

cephalometric film. The lateral cephalograms were scanned 

using the EPSON Perfection V700 Photo, a dual lens system 

(Epson Electronics Company, Suwa, Japan). The digitized 
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radiographs were then traced and analyzed using Dolphin 

Imaging Software® (Version 11.7.05.66; Dolphin Imaging 

& Management Solutions, Chatsworth, CA, USA).

One calibrated orthodontist traced and analyzed all radio-

graphs after magnification adjustment.

Cephalometric landmarks and 
measurements
The selected landmarks are shown in Figure 1. A total of 

25 linear and angular measurements were conducted. Seven 

angular, five linear, and one ratio were measured for skeletal 

Figure 1 The skeletal, dental, and soft tissue landmarks used in the study.
Notes: s, sella turcica, center of the pituitary fossa of the sphenoid bone; n, nasion, the junction of the frontonasal suture at the most posterior point on the curve at the 
bridge of the nose; Po, porion, the most superior point of the external auditory meatus; Or, orbital, the lowest point on average of the right and left lower borders of the 
bony orbit; Ba, basion, the most inferior posterior point of occipital bone at the anterior margin of the occipital foramen; Co, condyloid, the most posterior superior point of 
the condyle; ans, anterior nasal spine, the tip of the anterior nasal spine; Pns, posterior nasal spine, the tip of posterior nasal spine; a, Point a, the most posterior (deepest) 
point on the curve of maxilla between the ans and supradental (dental alveolus); UIa, upper incisor apex; UIe, upper incisor edge; lIe, lower incisor edge; lIa, lower incisor 
apex; B, Point B, the deepest point on the bony curvature along the anterior border of the symphysis; Pog, pogonion, the most anterior point on the contour of the mandible 
bony chin; Me, menton, the most inferior point on the symphysis of the mandible; ar, articulare, intersection between the contour of the external cranial base and the dorsal 
contour of the condylar head; go, gonion, the most convex point along the inferior border of the ramus; and gn, gnathion, the point midway between the Me and Pog.
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features (Table 1). Six angular and five linear dental tissue 

measurements were measured as well (Table 2).

statistical analyses
Data were analyzed using SPSS software (SPSS Version 

22.0 for Windows; IBM Corporation, Armonk, NY, USA). 

The normality of the variables was assessed visually and 

through normality tests (Shapiro–Wilk test). Appropriate 

statistical tests were used depending on the normality of 

variables. Comparison of the three groups was performed 

using the  parametric one-way ANOVA, followed by multiple 
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comparison tests using the Bonferroni method when a sig-

nificant value was found. Since Group 1 was tested against 

Group 2A and 2B only, the P-value was adjusted to 0.025. 

The Kruskal–Wallis test followed by the multiple comparison 

test was used for nonparametric variables.

Table 1 skeletal measurements used in this study

Variable measured Definition Definition using landmarks

Anteroposterior measurements
1 sna (°) Prognathism of the maxillary alveolar bone to the 

anterior cranial base
s, n, a

2 snB (°) Prognathism of the mandibular alveolar bone to the 
anterior cranial base

s, n, B

3 anB (°) sagittal jaw relationship angle snB minus sna
4 Wits appraisal (mm) Difference between the maxilla and the mandible in the 

aP position
Difference between point a and point B perpendicular 
to the functional occlusal plane (U6 occlusal and U4l4 
bisection)

5 Convexity (°) Convexity of the skeletal tissue n-a-Pog
6 harvold analysis (mm) Difference in length between the two jaws CoPog minus Coans
7 Maxilla position (mm) Maxillary prognathism based on the Mcnamara analysis Distance from point a to a line perpendicular to Po Or 

from n
8 Mandible position (mm) Mandibular prognathism based on the Mcnamara 

analysis
Distance from Pog point to a line perpendicular to Po 
Or from n

Vertical measurements
9 MPa (°) Mandibular plane angle Me-go line and s-n line

(MP-sn)
10 PPa (°) Palatal plane inclination ans-Pns and Or-Po
11 Y-axis (°) growth pattern n-s-gn
12 alFh (mm) lower anterior facial height ans-Me distance
13 PlFh (mm) lower posterior facial height ar-go distance
14 Vertical ratio Facial height Index laFh/PlFh

Notes: s, sella turcica, center of the pituitary fossa of the sphenoid bone; n, nasion, the junction of the frontonasal suture at the most posterior point on the curve at the 
bridge of the nose; Po, porion, the most superior point of the external auditory meatus; Or, orbital, the lowest point on average of the right and left lower borders of the 
bony orbit; Ba, basion, the most inferior posterior point of occipital bone at the anterior margin of the occipital foramen; Co, condyloid, the most posterior superior point of 
the condyle; ans, anterior nasal spine, the tip of the anterior nasal spine; Pns, posterior nasal spine, the tip of posterior nasal spine; a, Point a, the most posterior (deepest) 
point on the curve of maxilla between the ans and supradental (dental alveolus); UIa, upper incisor apex; UIe, upper incisor edge; lIe, lower incisor edge; lIa, lower incisor 
apex; B, Point B, the deepest point on the bony curvature along the anterior border of the symphysis; Pog, pogonion, the most anterior point on the contour of the mandible 
bony chin; Me, menton, the most inferior point on the symphysis of the mandible; ar, articulare, intersection between the contour of the external cranial base and the dorsal 
contour of the condylar head; go, gonion, the most convex point along the inferior border of the ramus; and gn, gnathion, the point midway between the Me and Pog.

Table 2 Dental measurements used in this study

Variable measured Definition Definition using landmarks

Anteroposterior measurements
1 UI – sn (°) Upper incisors to anterior cranial base sn to UIa – UIe
2 UI – na (°) Upper incisor inclination relative to the jaw position na to UIa – UIe
3 UI – na (mm) Upper incisor protrusion relative to the jaw position na to UIe distance
4 UI – PP (°) Upper incisor inclination relative to the palatal plane ans-Pns to UIa – UIe
5 lI – MP (°) lower incisor inclination to the mandibular plane Me-go to lIe – lIa
6 lI – nB (°) lower incisor inclination relative to the lower jaw nB to l1 lIe - lIa
7 lI – nB (mm) lower incisor protrusion relative to the lower jaw nB to lIe distance
8 lI – aPog (mm) lower incisor protrusion relative to the chin a Pog line to lIe distance
9 Interincisal angle (°) The angle formed between the upper and lower incisors UIa-UIe to lIe-lIa angle
10 Overjet (mm) The horizontal overlap between the upper and lower incisors (labial to labial) UIe-lIe (horizontally)
Vertical measurements
11 Overbite (mm) The vertical overlap between the upper and lower incisors UIe-lIe (vertically)

Notes: s, sella turcica, center of the pituitary fossa of the sphenoid bone; n, nasion, the junction of the frontonasal suture at the most posterior point on the curve at the 
bridge of the nose; ans, anterior nasal spine, the tip of the anterior nasal spine; Pns, posterior nasal spine, the tip of posterior nasal spine; a, Point a, the most posterior 
(deepest) point on the curve of maxilla between the ans and supradental (dental alveolus); UIa, upper incisor apex; UIe, upper incisor edge; lIe, lower incisor edge; lIa, 
lower incisor apex; B, Point B, the deepest point on the bony curvature along the anterior border of the symphysis; Pog, pogonion, the most anterior point on the contour 
of the mandible bony chin; Me, menton, the most inferior point on the symphysis of the mandible; go, gonion, the most convex point along the inferior border of the ramus.

Intra-examiner reliability
To evaluate intra-examiner reliability, 10 randomly selected 

lateral cephalometric radiographs were retraced and remea-

sured on two occasions with a 2-week interval, the two 

measurements for each radiograph were compared and 
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Cohen Kappa was calculated. Dahlberg’s formula was used 

to estimate the allocation error of the cephalometric points.

The intra-examiner reliability test (Cohen Kappa) indi-

cated that all variables were highly reliable (r from 0.795 to 

0.993), the P-value for the difference between the two sets of 

cephalometric measurements was not significant. Moreover, 

calculating the margin of errors using the Dahlberg’s formula 

showed that the quantity of errors was between 0.2 and 1.2. 

This reflects highly reliable measures.

Results
The retrieved database included 499 individuals with orofa-

cial cleft, of which 204 had a UCCLP. A total of 96 patients’ 

Table 3 Descriptive data of the sample

Distribution of recruited sample

Group 1 Group 2A Group 2B
age, years 11.36 sD±1.7 10.6 sD±1.1 11.4 sD±1.5
gender (n) Male (17)

Female (16)
Male (20)
Female (30)

Male (7)
Female (6)

Total 33 50 13

Table 4 Distribution of missing teeth in the sample

Missing teeth Number of  
subjects

%

1 lateral incisor only 44 69.84
1 Central incisor and 1 lateral incisor 3 4.76
1 lateral incisor and 1 premolar 8 12.7
2 lateral incisors and 1 premolar 2 3.17
1 Central incisor 1 1.59
1 Premolar 4 6.35
2 lateral incisors 1 1.59
Total 63 100

Table 5 Comparison of skeletal measurements between groups 1, 2a and 2B using one-way anOVa and Kruskal–Wallis test*

Variable Group 1
Mean ± SD

Group 2A
Mean ± SD

Group 2B
Mean ± SD

P-value

Skeletal anteroposterior measurements
sna (°) 76.66±4.89 76.34±3.22 76.07±4.34 0.081
snB (°) 74.33±4.58 74.18±4.86 74.48±4.92 0.259
anB (°) 2.33±3.85 2.16±3.61 1.59±3.22 0.763*
Wits appraisal (mm) –3.82±5.06 –4.43±5.00 –4.10±10.32 0.325*
Convexity (°) 4.08±9.64 2.91±7.91 2.00±7.69 0.716*
harvold analysis (mm) 23.53±6.37 22.45±5.94 22.75±5.93 0.675
Maxilla position (mm) –1.89±5.72 –3.47±6.01 –5.49±2.85 0.094*
Mandible position (mm) –7.35±7.57 –9.14±9.52 –12.01±7.08 0.161*
Skeletal vertical measurements
MPa (°) 43.14±8.09 42.08±5.78 44.55±5.98 0.119
PPa (°) –0.46±5.33 –1.60±4.71 –1.89±3.77 0.470
Y-axis (°) 72.02±5.39 71.48±4.34 73.74±4.34 0.290
alFh (mm) 63.22±5.72 60.87±4.07 62.67±4.48 0.083
PlFh (mm) 40.06±4.15 39.18±3.73 40.00±2.91 0.623
Vertical ratio 1.59±0.16 1.57±0.14 1.59±0.03 0.821

Note: *Indicates which P-value came from the Kruskal Wallis test.

records met the preset inclusion criteria, among those 44 were 

male (45.9%) and 52 were female (54.1%), more details of 

age and gender distribution are found in Table 3.

The recorded age range of the recruited sample was 9–13 

years with a mean of 10.94 years. All cephalometric radio-

graphs were taken at an age of 9 years prior to orthodontic 

expansion and ABG.

The main reported missing teeth in this study were the 

lateral incisors on the cleft side, followed by premolars and 

central incisors. The number of missing teeth ranged from 

zero to three teeth, with a mean of 1.25 per subject. A detailed 

distribution of the missing teeth is illustrated in Table 4.

No differences were found between the three groups in ref-

erence to the skeletal cephalometric characteristics (Table 5). 

In terms of dental features, overjet was significantly different 

among the three groups (P=0.015). The rest of the dental 

measurements were not statistically significant (Table 6).

Discussion
This study included subjects with UCCLP who had not yet 

undergone ABG. Grafting serves as a bony support for teeth 

close to the cleft site, stabilizes the cleft maxillary segments, 

eliminates the notch in the alveolar ridge, supports the alar 

base, enables expansion of the maxillary suture, and improves 

facial symmetry.26 These effects can substantially influence 

the skeletal and dental cephalometric measurements. The 

same applies to extraction and orthodontic treatment. Our 

sample therefore excluded UCCLP subjects who had received 

ABG or orthodontic treatment with or without extraction.

When measurements in the anteroposterior dimension were 

assessed, there were no statistically significant  differences in 
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the ANB angle and facial convexity among the three groups. 

In fact, these groups exhibited a Class I skeletal pattern with 

an ANB angle ranging from 1.59° to 2.33°. These findings 

were in agreement with Wu et al,25 who showed that these dif-

ferences were not statistically significant despite the presence, 

or absence, of certain teeth. However, contrary to Wu et al,25 

who found a significant reduction in the lower anterior face 

height with increasing missing teeth, this study did not find 

significant differences in lower face height between the groups.

Of the evaluated dental measurements, the overjet was sta-

tistically significantly different in the three groups (P=0.015). 

This coincides with a previous study that found a significant 

difference in overjet among Taiwanese individuals with 

UCCLP and missing teeth in comparison with their coun-

terparts without dental anomalies.25 The difference in overjet 

in our sample can be attributed to teeth tipping toward the 

anterior spaces, which occur as a result of missing teeth. The 

lower incisors in our sample were more protruded, relative to 

the chin (APog line) (P=0.027), further contributing to the 

reduction in overjet as the number of missing teeth increased.

The reduced overjet in correlation to multiple missing 

teeth introduces a new challenge to orthodontists who are 

treating UCCLP, as cleft patients already present with Class 

III skeletal pattern.4 More reduction in overjet would require 

more complex treatment to normalize it. In some cases, 

UCCLP present with Class I skeletal pattern; in such cases, 

anchorage planning is very critical, especially in the anterior 

region, where it is required to keep the upper incisors pro-

clined to facilitate overjet correction.

Table 6 Comparison of dental measurements between groups 1, 2a, and 2B using one-way anOVa and Kruskal-Wallis test

Variable Group 1
Mean ± SD

Group 2A
Mean ± SD

Group 2B
Mean ± SD

P-value

Dental anteroposterior measurements
UI – sn (°) 91.63±10.62 91.62±12.35 85.04±12.13 0.198
UI – na (°) 14.96±9.65 15.12±10.89 11.48±11.80 0.583*
UIe – na (mm) 0.76±3.69 0.79±3.85 –0.82±2.91 0.290
UI – palatal plane (°) 103.49±8.52 104.11±13.01 98.02±9.32 0.253
IMPa (°) 86.1±5.63 85.16±7.12 87.62±7.16 0.618
lI – nB (°) 23.56±5.70 21.37±6.13 24.13±8.23 0.242
lIe – nB (mm) 5.34±2.29 4.34±2.20 5.19±2.47 0.089
lI – aPog (mm) 3.58±2.43 2.48±2.61 3.89±2.23 0.027
Interincisal angle (°) 139.15±8.97 141.2±12.97 142.78±9.44 0.503
Overjet (mm) –1.44±3.81 –0.69±3.55 –3.89±2.75 0.015**
Dental vertical measurements
Overbite (mm) 0.60±2.97 0.86±3.07 1.16±2.47 0.901

Notes: *Kruskal–Wallis test. **The significant finding after the statistical significant level was adjusted to 0.025 with Bonferroni. S, sella turcica, center of the pituitary fossa 
of the sphenoid bone; n, nasion, the junction of the frontonasal suture at the most posterior point on the curve at the bridge of the nose; ans, anterior nasal spine, the tip 
of the anterior nasal spine; Pns, posterior nasal spine, the tip of posterior nasal spine; a, Point a, the most posterior (deepest) point on the curve of maxilla between the 
ans and supradental (dental alveolus); UIa, upper incisor apex; UIe, upper incisor edge; lIe, lower incisor edge; lIa, lower incisor apex; B, Point B, the deepest point on the 
bony curvature along the anterior border of the symphysis; Pog, pogonion, the most anterior point on the contour of the mandible bony chin.

None of the skeletal findings in this study were statisti-

cally significant. These results disagree with the findings on 

non-cleft subjects suffering from a variety of missing teeth. 

Acharya et al22 reported that missing teeth in the anterior region 

had a significant effect in terms of the skeletal relationship, 

as the SNA decreased by 0.3°, SNB decreased by 0.1°, and 

ANB decreased by 0.2° for every additional missing tooth. 

Although our findings were not significant, a pattern of ANB 

reduction can be noticed in the three groups, ANB of 2.33, 

2.16, and 1.59 had been recorded for Groups 1, 2A, and 2B, 

respectively, yet this pattern could not be confirmed or proved.

Ideally, a priori sample size calculation should have been 

carried out. However, the nature of the studied sample (UCLP) 

and the extreme difficulty of allocating a good number of 

patients with good records limited the sample included in our 

study, especially in Group 2B. Moreover, only 96 (47%) patients 

of the allocated 204 were recruited, which is due to the restricted 

inclusion criteria. The recruited sample who received surgical 

treatment with the same protocol from two surgical teams, 

although it would be more ideal to recruit the sample from one 

team work, which will reduce our sample further. Therefore, the 

results of this study must be considered with caution.

Missing teeth may influence cephalometric features for 

cleft patients, yet the cause and effect relationship cannot 

be explained by this cross-sectional study. Future studies 

should consider conducting longitudinal and multicenter 

investigations of craniofacial characteristics, along with the 

inclusion of a larger sample and a wider spectrum of cleft 

subjects. Also, the effects of cleft shape and size on growth 
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were not verified or recorded in details within the medical 

notes. Thus, they were not assessed in this study. Nonetheless, 

all recruited patients were treated by the same team and fol-

lowing a standard protocol. Using 3D reconstruction software 

from CT scans as opposed to 2D films had been suggested 

to enable more accurate measurements to be taken specially 

with superimposed structures.27 However, this cannot be 

justified due to the excessive radiation.

Oral clefts exhibit a variety of clinical presentations; 

however, our investigation included only UCCLP anomalies. 

Nationally, researchers in the CLP field should undertake 

comprehensive projects to assess all types of orofacial clefts. 

These longitudinal and comprehensive research studies will 

enable health care providers to implement valid treatment 

protocols that are appropriate for the unique nature and 

complexity of the orofacial cleft population.

Conclusion
Missing teeth influence the dental characteristics of UCCLP. 

Overjet is significantly reduced in the group with multiple 

missing teeth. No statistically significant skeletal differences 

were found across the three groups.
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